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he’s | reaching for... the Best ELECTRICAL TAPE... 


ACCURATE TAPE 


FRICTION, RUBBER SPLICING, ACCURATE MANUFACTURING COMPANY 


and PLASTIC TAPES Gartield, New Jersey 


WORLD'S LARGEST EXCLUSIVE MANUFACTURER OF ELECTRICAL TAPE 





cket 40°° more profit. Great news you also provide silent switching at no increase in cost 
i! The REMCON low-voltage relay of materials. 


ts built-in transformer now For every switching job...whether it be 3-way switching 
. control of a single light from many switching points 


. remote control of many lights and appliances from 


es it economically possible for you 


your customers silent 3-way 


y switching. one switching point... or a complete basement-to-attic 


remote control system...always reach for REMCON. 
fhe 3 wires of each witch to the 


f REMCON relay 


It’s foolproof. REMCON eliminates oo 4 i ia Cc © od 


od cable on all switch legs. You HIGH PROFITS FROM LOW VOLTAGE 


low-voltage wire that’s easy to 


REMCON you not only save time REMCON DIVISION, PYRAMIO INSTRUMENT CORPORATION, LYN 
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FOR YOUR CUSTOMER’S SATISFACTION...INSTALL 


Explosion-proof electrical equipment is more important 
today than ever before. Manufacturers of material han- 
dling equipment are adding explosion-proof switches and 
connectors to machines to be used in hazardous areas 
And, an ever increasing number of industrial plants are 
almost entirely equipped with explosion-proof electrical 
equipment. APPLETON’s full line of explosion-proof 
equipment offers you the opportunity to capture your 
share of this new and lucrative market. You need never 
miss an electrical installation job with APPLETON, 


because APPLETON is... 


The Stanttard tor Better Wining 
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i | pun 


Also Manufacturers of Malleable tron 
— f ; Unilets & Covers 
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yak canes Automatic Reelites 


APPLETON ELECTRIC COMPANY 
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Published for electrical contractors, industrial electricians, 
AND MAINTENANCE engineers, consultants, inspectors and motor shops. Cover 


, ing engineering, installation, repair, maintenance and 
with which is consolidated Electrical Contracting. The management, in the field of electrical construction and 
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RACO No. 545 GRIPTITE 


UL EASIEST BOX TO SET IN PLACE 
U FOR ANY TYPE OF WALL 
V ONE-SCREW ADJUSTMENT 


UV ANCHORS SECURELY 


The RACO Griptite Box takes less time to 
install, is easier to adjust, holds tighter than 
any other method of “old-work’”’ installa- 
tion. Made of heavy gauge metal . .. durably 
finished. Saves time and money . . . helps 
protect your profit margin on “hard-to- 


figure” old work installations. 


New RACO 
GRIPTITE BOX 


Saves Time and Money 
On All ‘‘Old-Work”’ 


Installations 


SIX EASY STEPS 
TO INSTALL 


to Clear Wall, Then 
Connect Cable 


Tighten Center Screw, 
Box is Firmly Anchored 


WRITE TODAY FOR COMPLETE INFORMATION 


"A RACO BOX FOR EVERY NEED" 


CALL- STEEL EQUIPMENT INC. Aciore. itincis 


ELECTRICAL CONSTRUCTION AND MAINTENANCE MAY, 195¢ 





Washington Report 


The overall level of business activity remains at a record high 
although several industries are operating below 1955 record peaks. Some of 
the more important economic factors are: Down Ist Q. auto production 
(18% from 1955); Ist Q. housing starts (15% from 1955); farm equipment 
production. Up—output of goods and services—GNP ($399 billion, up $23.7 
billion in one year); industrial production (FRB index 142, up 7 points in 
year); personal income ($313.1 billion annual rate, up $19.9 billion in year); 
civilian employment (63.1 million in March, up 2.5 million in year); steel 
production (10.9 million tons in March, 31.9 million tons in Ist Q., up about 
10% in year); electric power output (weekly average of about 11 billion kwhr, 
up an average 12% in one year), retail trade $15.8 billion in March, up 
from $14.7 billion in March 1955); and cost of living remained steady 
through February at BLS index of 114.6, a change of not more than .2 
points for seven months 


Housing starts moved up seasonally to 96,000 units in March, 23% 
ahead of February's 78,000, for a first quarter 248,000 total. Volume was 
$3,175 million—5% below 1955's boom first quarter total 

HHFA Administrator Cole forecasts a total of 1,300,000 home starts 
for this year, despite the slow pace now being experienced. His forecast is 
based on an upswing in homebuilding during the last half of the year, a 
reversal of the 1955 pattern. Starts have trailed the year-earlier totals for the 
last seven consecutive months. However, except for 1955, the totals this year 
are still the biggest on record 

The letdown on housing (from 1955) is timely, in view of upward 
price trends, as it has temporarily helped to relieve the strain on supplies of 
raw materials and labor. But if home buyers get homes with more space, 
better provisions for TV viewing, design for quiet for parents, and other 
improvements (at resulting higher costs) which a ‘‘Women’'s Congress on 
Housing’ sponsored recently by HHFA reported as what the American house 
wife wants in the home of the future, then dollar volume in homebuilding 
this year will undoubtedly break all records. In addition, Operation Home 
Improvement under U. S. Chamber of Commerce sponsorship and with Gov 
ernment’s blessing, is plugging for a $10-billion residentiai remodeling and 
repair activity this year 


New building construction put in place in March was nearly $3 billion, 
up 10% over February and equal to last year’s March record. Total for first 
quarter was $8.5 billion, surpassing last year’s first quarter slightly 
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Another 
Installation 


WAKEFIELD CEILING 


Contractor Lights 
Quebec Bank with 
Wakefield Ceiling 
and Beta Units 


Caisse Populaire Notre Dame de 


Lourdes de Verdun, Verdun, Que 


Old store is transformed into modern bank interior with over-all lighting 
provided by a Wakefield Ceiling and perimeter lighting furnished by 
Wakefield recessed Beta units. 


Electrical contractors are becoming increasingly aware of the adaptability of Wakefield 
lighting equipment to various lighting situations. Here for example, the general contractor 
and the electrical contractor put their heads together and transformed an old store into a 
modern, attractive, functional bank interior, using equipment from the varied Wakefield 
line to furnish the illumination. You would never know that the old ceiling, now com- 
pletely hidden, was of wood construction with 12” x 2” wood joists running the length 
of the building, on 16’ spacing, with steel beams running crosswise, cutting up channel 
runs. The electrical contractor reports that despite these difficulties, the mechanical and en 


electrical features of the Wakefield Ceiling made installation relatively simple. Quebec 


(,eneral Contractor 


Over-all lighting: a Wakefield Ceiling of Supplementary lighting: eight 1x4‘ Beta units with Rigid-Arch Fernand Asselin, Verdun 
corrugated plastic suspend plastic diffusers (2 40-W Rapid 
ed on fusion strips. Initial Start lamps) recessed in metal type 
footcandles 75 acoustical pan perimeter. 


If you have not already obtained Wakefield Catalog 55 containing essential data on this and 
other Wakefield lighting equipment, you should write for your copy at once. 


THE WAKEFIELD COMPANY 


VERMILION, OHIO 


WAKEFIELD LIGHTING LIMITED 


LONDON, ONTARIO 
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A MESSAGE TO AMERICAN INDUSTRY © FIRST OF A SPECIAL SERIES 


THE SHORTAGE OF SCIENTISTS AND ENGINEERS: 


How Critica 


The United States is running into a serious 
shortage of scientists and engineers. There 
is no novelty in this observation. It has often 
been made in the last few years. And there has 
been mounting alarm about what this shortage 
may mean for both our national security and 
our prosperity. 

There would be great novelty, however, if 
genet il agreement were attained on such im- 
portant matters as the size of the shortage, the 
extent of the damage it threatens to inflict, and 
the best ways to eliminate it. The purpose ol 
these editorials is not to provide this novelty, 
but to ventilate some of the key aspects of the 
short ige ol scientists and engineers. 

This first editorial in the series is designed to 
throw light on the over-all dimensions of the 
shortage. Others to follow will be addressed 
to such que tions as 
@ How serious is the threat to our economic 
well-being and to our national security? 

@ What needs to be done to prevent the short- 


age trom becoming ¢ ritical ? 


Rise Has Been Rapid 


Th proble m is not that we have been pro- 
ducing a small number of engineers and scien- 
tists. Indeed, the number has risen sharply. We 
now have a working torce of more than 600,000 
engineers, over twice as many as the 286,000 
there were in LOW. And we have about 250.000 


scientists (chemist pl ysicists, biologists, geol- 


l Is It? 


ogists, mathematicians, ete.), compared to only 
92,000 in 1940, About one in 148 persons in 
the labor force of 1940 was a scientist or engi- 
neer; today the ratio is about one in every 80. 

In research and development work, where 
highly creative scientific minds are required, 
there has been fully as rapid a rise in employ- 
ment of scientists and engineers, Fewer than 
90,000 were employed in research and develop- 
ment fifteen years ago; the total now exceeds 
200,000, 


— But Not Rapid Enough 


Despite this rapid increase in the num- 
ber of scientists and engineers — at a rate 
much faster than the increase in the labor 
force as a whole —the needs of industry, 
government and education for technically 
trained people have risen even more 
sharply. 

The principal reason for this mounting de- 
mand is the prodigious growth of research in 
the last 15 years. From a total of only about 
$900 million spent on all types of research in 
1941, the annual expenditure rose to over $5 
billion by 1953 (the latest estimate available). 
Over two-thirds of the research is done by pri- 
vate industry, mostly to develop new and bette: 
products and to find new and better methods of 
production, Most of the rest ji performed lyy 
the government, largely lo develop improved 


and inevitably more complex scientific weapons, 
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One aircraft company has found from its own 
experience that it required 17,000 engineering 
manhours to develop a typical fighter plane in 
1940. The requirement is now about 1.4 million 
engineering manhours. Development of the typi- 
cal fighter plane of 1960 will require well over 
2 million engineering manhours. 

In this dramatic example, the need for engi- 
neering services for a basic piece of military 
equipment soared 80 times in 15 years. It is an 
indication of why the demand for more and 
more technically trained men and women has 
outstripped even the imposing increase in scien- 
tific and engineering manpower ol the last dec- 


ade and a half. 


Size of the Gap 


Exactly how great the gap is between the 
available supply of scientists and engineers and 
the number required, it is impossible to say. In 
some instances technical talent undoubtedly 
could be better used than it is now. And part of 
the shortage might “disappear” if higher sal- 
aries had to be paid. (These questions will be 
discussed in later editorials.) But informed es 
timates of the approximate size of the gap can 
be given. 
® According to the best available information, 
from estimates by the Engineers’ Joint Council 
and the U. S. Bureau of Labor Statistics, the 
minimum need for engineers from gradu- 
ating classes is 40,000 each year for the 
next ten years. Last year we graduated only 
23,000 engineers, just about enough to cover 
replacement needs without allowing for any 
expansion of the number of active engineers. 
Projections made by the U. S. Office of Educa- 
tion indicate that we shall probably not have a 
class of 40,000—the current annual requirement 

until 1963, 
® According to Dr. Howard Meyerhoff, execu- 
tive director of the Scientific Manpower Com 
mission, there is now a shortage of about 
20,000 scientists. Last year the number of 
doctoral degrees in the natural sciences, almost 
au prerequisite for research work, was only 
5,000. Dr. Meyerhoff estimates that the short- 
age ol scientists will rise another 30,000 by 
19600. 


More Needed As Teachers 


Not all of the graduates with scientific and 
engineering training, furthermore, will work as 
scientists and engineers—that is, by performing 
research and giving it practical application. 
Such training is now necessary in many sales 
and management positions. And more of our 
technically trained men and women must re- 
main in educational institutions as teachers if 
the quality of engineering and scientific educa- 
tion is to be maintained. A survey in 1954-55 
by the National Education Association showed 
that, out of 277 universities, state colleges and 
large private colleges, nearly one-third already 
had unfilled vacancies in engineering and three- 
fourths had vacancies in physical sciences. 

The dimensions of the shortage of scientists 
and engineers can be summarized as follows: 
Despite a substantial rise in the trained 
manpower available, the needs of industry, 
the government and education have risen 
still faster. The best information indicates 
that, on the basis of current and antici- 
pated needs, our recent yearly rates of 
production of slightly over 20,000 engi- 
neers and about 5,000 PhD’s in natural 
sciences could be doubled without closing 
the gap entirely. 

The disturbing implications of this shortage 
for our national security and our prosperity 
and some practical suggestions for eliminating 
it will be the subjects of subsequent editorials 


in this series. 





This is one O| a series of editorials prepared by 
the UcGrau Hill Departme nti oft ke onomics to 
help increase public knowledge and under 
standing of important nationwide develop 
ments of particular concern to the business 
and professional communily S¢ rved by our 
industrial and technical publications 
Permission is freely extended to neu pape 

groups or individuals to quote or reprint all o1 
parts o] the text 


Aeuata C Melber ~ 


PRESIDENT 


McGRAW-HILL PUBLISHING COMPANY, INC. 
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BULLDOG «Qoctnos LO 


PATENTED 


... brings new electrical 


convenience to homes, 


offices, buildings ... saves 


you time and trouble! 


ye m 
ees soveanees OE 


Please all of your customers .. . 
save yourself headaches, too! You'll do 
both with new Electrostrip—the multi-outlet 
assembly that provides movable electric outlets every 
inch along its length. Your job estimates will be easy, quick 
and accurate installation a cinch. The strip mounts on any surface 
connects to any fixed outlet. There's no breaking into plaster; no wire fishing. 


So, forget about outlet planning. With Electrostrip, outlets are twisted in where 

needed ... placed and spaced exactly where your customers want them. Neat and 
attractive, Electrostrip is perfect for every type of building. It's listed by U.L., rated at 
20 amps and 125 volts A.C. 


For details, see your electrical distributor or BullDog field engineer. Or write BullDog Electric 
Products Co., Detroit 32, Michigan. m BEPCO 


om cnmmcome BULLDOG & 


ELECTRIC PRODUCTS COMPANY 


A Division of |-T-E Circuit Breaker Company 


Export Division: 13 East 40th Street, New York 16, N.Y. « In Canada BuliDog Electric Products Co. (Canada) Ltd., 80 Clayson Road, Toronto 15, Ont. 
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The upstairs bedroom is where 


most people want a second phone 


an vies SE FANE, by SPR ee > sila Ho 
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An outlet at a convenient height 


is ideal for kitchen installations 
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{ pstairs .,. downstairs ... wherever the 
modern family sleeps, works, or plays, 
good planning calls for built-in telephone outlets 


.and concealed telephone wiring. 


BELL TELEPHONE SYSTEM A 


elephone company will be glad to help you work out economica 
ng installations. Just call your nearest business office and ask for 
ders Service. For details on home telephone wiring, see Sweet's 


ion Pile i/ Be For commercial installations, Sweet's Architect 





Cross the threshold to 
lower costs...Wwith 


EMT permits stocking of one cap for two purposes eliminates 


parenialacbeneatinn sic Ast ; NT RAN [ E 


CAPS 


. . 
. Malleable lron—Hot Dip Galvanized 
THREADED CONDUIT ENTRANCE CAPS Like most other Gedney entrance 


caps, this one is made of malleable iron to prevent breakage 
dip galvanized for maximum service life. Sizes range from \/2" 


COMBINATION ENTRANCE CAPS Here's a real ‘'2-in-1"' entrance cap 


THESE ENTRANCE CAPS install faster— 
and cut your final costs right down to rock bot- 
tom. Like all Gedney Fittings they’re accu- 
rately machined and threaded...smooth fin- 
ished, with no burrs or metal particles. On top 
of that, the Gedney line includes many improv- 
ed design features that bring extra efficiency 
and labor savings. For fittings that bring 


today’s lowest installed cost, specify Gedney! 


ENTRANCE CAPS For S.E. Cabies—with key hole mounting bracket 
Easy to assemble —cable slips into cap and is securely my clamp 
ing shoe. Has split insulator and well bushed holes. Overlapping cover 
protects cables from weather. As there is little strain on this fitting it 
is made of malleable iron 


GEDNEY FITTINGS FIT 





ELECTRIC COMPANY 





RKO BLOG. + RADIO CITY «+ NEW YORK 20 


iry, Factory and Shipping Point: Terryville, Conn 
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“Tiger Brand Amerclad is the most 


Assembling leads. Fach vibrator delivers 44 ton bi 
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durable cable we’ve ever used” 


says ELECTRIC TAMPER & EQUIPMENT CO., Ludington, Michigan 


J ents years ago, the executives at 
Electric Tamper & Equipment 
Co. found out that when railroads 
order a piece of machinery, they ex- 
pect it to last a long time—without 
Since Electric 
Tamper has won a high place in in 
dustry by producing a line of the 


breakdowns. then, 


hardest-working, toughest track 


maintenance the 
market. 


Leader of the line is the Jackson 


machines on 


Track Maintainer, used for tamping 
ties. It has 8 powerful vibratory mo- 
tors that drive 8 tamping assemblies. 
Each motor is powered with Tiger 


The Jackson Multiple Compactor 
n of granular soil. 


Brand Amerclad cable. The vibra 


tion and flexing (which are very 


severe) caused previous cable to 
actually 
peeled away from the conductors 
So they asked American Steel & 


Wire for advice 


crack until the jackets 


Tiger Brand Amerclad was the 
solution. Finely stranded conductors 


soak up vibration and allow greater 


Hand Vibrospade 
drags on the ground 


The 


tough, well-cured jackets are imper 


flexibility than ever before. 
vious to oil, grease and the burning 
sun, 

In the 


“Tiger Brand cable is certainly su 


company’s own words, 
perior to anything we have ever seen 
for this class of service. Its complete 
dependability under all service con- 
ditions has definitely helped us to 
maintain our good reputation in the 
field.” 

Do you want a better electrical 
cable—engineered for your equip 
ment? Just call your American Steel 
& Wire representative. 


Small compactor. See why they 
need durable cable? 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS - 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 


USS TIGER BRAND ELECTRICAL WIRE & CABLE 


A STANDARD TIGER BRAND CABLE FOR 
EVERY SPECIAL JOB 


ELECTRICAL 


machine tool and building 
wire 

special purpose wire and 
cable 

asbestos wire and cable . 


paper and varnished 
cambric cable 

aerial, underground and 
submarine cable 

shovel and dredge cable 


« mold cured portable cord 





UNITED 


CONSTRUCTION AND MAINTENANCE 


STATES 


STEEL 





seamless FELTED ASBESTOS 
walis add up to long range 
economical service 





, 


Pictured is the application of fluffy asbes Impregnated asbestos compressed and 
tos prior to the impregnating and com- | felted to a smooth homogeneous wall en- 
pressing process suring long cable life 


look beneath the braid 
... that’s where quality begins 


Long lasting, trouble-free circuit performance depends on the materials and con- 
struction of wire and cables. And a look under the braid shows why Rockbestos 
A.V.C, (N.E.C. Type AVA) is built to give longer service. 


The two seamless, dense felted asbestos walls, compressed and thoroughly im- 
pregnated with selected compounds, seal the varnished cambric from heat and 
moisture. 


Dielectric strength stays high under high ambient temperatures. Heat dissipation 
is uniform. The felted wall construction protects the varnished cambric from rupture 
in the sharpest bends 


HERE'S HOW YOU BENEFIT” 

Get high dielectric values from Varnished Cambric becuuse of its 
controlled application over seamless felted asbestos walls 
HIGH DIELECTRIC STRENGTH minimum breakdown voltages 
for 600 and 1000 volt power cables 15 KV 
MOISTURE RESISTANCE same minimum dielectric breakdown 

wet or dry 15 KV on 600 and 1000 volt power cables. 
RUGGED CONSTRUCTION minimum breakdowns after bending 
tests 15 KV for 600 and 1000 volt power cables all sizes. 
CONTROLLED QUALITY materials and workmanship and 
performance under rigid Quality Control 
CUTS MAINTENANCE COSTS lt won't bake brittle, crack or flow 


in high ambients won't deteriorate with age, or rot when 





exposed to oil, grease or fumes sli 
- 


The result; wire failures are eliminated; maintenance costs are STOCKED COAST TO COAST 
held down, plant and equipment operation maintained at top level, Standard Rockbestos A.V.C. con- 
struction (N.E.C. types AVA, AVB, 
etc.) are available for immediate 
A.V.C. (N.E.C. Type AVA) available in the new booklet, shipment. Coll or write nearest 


Specification RSS-88." branch office 


ROCKBESTOS propucrtTs corp. 
NEW HAVEN 4, CONNECTICUT 


NEW YORK CLEVELAND «+ DETROIT + CHICAGO © PITTSBURGH + ST. LOUIS + LOS ANGELES + NEW ORLEANS 
)AKLAND, CALIFORNIA 


*Write for the test and construction specifications of Rockbestos 
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| Custom 


1. Dead front—Even with enclosure cover 
removed, breaker is entirely safe. 


2. Accessible — Deep, removable front 
cover permits easy inspection and mainte- 
nance from both sides and front. 


3. More safety — Interlock prevents re- 
moval of cover while breaker is in closed 
position 


4. Pull-out construction—Easy removal of 
breaker without disconnection of cables. 
Access to cable connections through entire 
front opening. 


er's Cable 


ALLIS-CHALMERS 
Individually 


Enclosed 


Low 
Voltage 
Breakers 


For service to 600 volts ac, 1600 
amp continuous; 50,000 RMS am- 
peres interrupting at 600 volts ac. 








5S. Weather-proof or dust-proof as well as 
standard, general purpose enclosures are 
available. 


6. Long life contacts — Blow-on type 
action means high contact pressure — no 
bounce — less erosion. 


7. Positive high pressure connection pro- 
vided by compression springs on primary 
disconnects. 


8. Accurate time-delay control provided 
by hermetically sealed, positive displace- 
ment trip device. 


Get More Information — Contact your nearby A-C office, or 
write Allis-Chalmers, Power Equipment Division, Milwaukee 1, 
Wisconsin, for Bulletins 1888252 and 18B8283. 


ALLIS-CHALMERS 


ELECTRICAL 


CONSTRUCTION AND MAINTENANCE 


MAY 


1956 





“We found by actual tests that 
FUSETRON dual-element FUSES 


would eliminate Motor Burnouts 
on our Welders” 


‘Here are the facts i 


“In 1946 we were having trouble with 
single phasing and subsequent burnout of 
our 3-phase welders. Motor repairs and re- 
placements, plus the down-time was very 
costly. 


“Could this situation be corrected, we 
wondered, by individually protecting each 
welder with Fusetron fuses? 


“We ran our own test to find out. On 400 
ampere welders — 3 pole fuse blocks were 
mounted in a steel enclosure. 80 ampere, 250 
volt Fusetron fuses were installed on the load 
side of the enclosure. 


“The circuits were then single phased. 
On every test the Fusetron fuses opened in 
21 to 23 seconds. 


“On checking further with a hook am- 
meter we found the locked rotor current to 
be 325 amperes. 


“As a result of these tests, we protected all 
62 welding machines with Fusetron fuses in 
the proper motor protection sizes. 


“Sure, since then we have blown a number 
of fuses — but we have not had one motor 
burnout due to single phasing. Fusetron fuses 
have certainly cut costs for us. 


“Today, there are 147 welding machines 
in operation and each is protected with 
Fusetron fuses.” 


Ralph MWe Colm 


CHIEF ELECTRICIAN 
BLACK SIVALLS AND BRYSON, INC. 
OKLAHOMA CITY, OKLA. 
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why Fusetron Fuses can protect 
motors against burnout 


Fusetron fuses have a tremendous time-lag. This 
means, on normal installations, Fusetron fuses can 
be used in motor-running protection sizes — with- 
out Opening on motor-starting current or other 
harmless overloads. 


When so used, Fusetron fuses protect motors 
from any harmful excess of current caused by such 
things as single phasing, overloading, wrong 
voltage, being stalled, lack of oil, tight belt, worn 
bearings or anything that causes the motor to draw 
a dangerously excessive current. 


/ 


T. J. JOHNSON Jr. 
Plant Engineer Ff 


} 


Fusetron Fuses provide 
simplest way to prevent 
damage from single phasing 


When single phasing occurs, the current in the 
remaining phase increases about 100%. (The- 
oretically 73%, but change in efficiency and power 
factor makes it about 100%). 


This 100% overload on Fusetron fuses of motor- 
running protection size opens them and stops flow 
of current to the motor. 


FUSETRON FUSES DO MORE THAN 
PROTECT MOTORS AGAINST BURNOUT 


They provide 10) Point Protection 


High interrupting 
heaviest short-circuits 


capacity protect against 
Have proven on tests to 
open safely on circuits set to deliver in excess of 


100,000 amperes 


Protect against needle blows caused by CX- 
cessive heating lesser resistance results in 


cooler Operation, 


Protect against needle S blows cause | by harm- 
le +) overl ids. 


Provide thermal protection for panels and 
switches againse damage from heating due to 


| oor contact 


Prote f api ) ( and money 


permit use of proper ind panels, 


Protect motors against burnout from overloads 


Give DOUBLI 


without extra Cost 


irmout | rotection to large motors 
. | } 

Protect motors against burnout due to single 
phasing 

Make protection of small motors simple and 
inexpensive, 

Protect coils, transformers and solenoids against 
burnout, 


More information on Fusetron dual-element 


fuses is available. Write for bulletin FS, 





A 


FOR LOADS ABOVE 600 AND UP TO 5000 
AMPS. — USE BUSS Hi-Cap FUSES! 


On 600 volts or less, they have interrupting 
capacity sufficient to handle any fault 
current regardless of system growth. 

They can be coordinated with Puse- 

tron fuses on feeder and branch 
circuits to limit fault outages to 

circuit of origin. 


Write for bulletin HCS. 








Play Safel Install FUSETRON dual-element Fuses and 


BUSS Hi-Cap Fuses throughout entire Electrical System! 


of McGraw 


( 
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MICRO Precision switches 


| ...THEER USE 1S A PRINCIPLE OF GOOD DESIGN 





Seals Provide 


High-capecity switch Maximum Protection 
enclosed in rugged _ BEARING 


- CAST INT 
aluminum housing. gg » i= aw a ffnenn 4 
P 7a ins 


Ol A= sYies— ACTUATOR 
STAINLESS —>-A pc ean * PLUNGER 
STEEL h Pe. 


HAFT a 
ae O-RING 


SEAL 


/ i 
BASIC SWITCH » a: eee CASE- 


Fa actuator 
‘ VTUATO 
COVER — { | SCREW 
SEAL RING ; 
Sealing is provided by use of O-ring seals 
on the actuator shaft and between the ac- 
tuator head and the housing. A synthetic 
rubber ring seal is provided for the cover. 
These seals provide maximum protection 
igainst entrance of dust, oil and other 
Compact size | liquids, The switch meets NEMA specifica- 
ie ti tions for an oil-tight pilot device 
permits mounting 


in small space. Je: . 
nos 


Adjustable Head 


A sia Assembly 


double-break contact 
arrangement. 





W.2 


Here is a compact 
2-circuit limit switch that meets 


a wide variety of plant applications 


This micro precision switch is de- and compact in size, this switch is | !oc#tion. The user can remove the head and 


The switch is easily mounted in almost any 


It locate it in any of 4 positions (as illus- 


signed to meet every requirement for not only a precision instrument. saeaee 


circuit switch for use as’ is designed and built to stand the 
a limit, safety or interlock switch on most severe abuse. 


) 


acompact . 





ce c cil eqt -| . 
NEGIES PRORMETIOR CqUTpENEN The electrical rating is: 10 amperes 


It has small size, extreme versatility, 120, 240 or 480 volts a-c; % H.P. 
precision, reliability and ruggedness. 115 volts a-c; 1 H.P. 230 volts a-c 

All moving parts and the switching .2ampere 115 voltsd-c; .1 ampere 230 
chamber are completely sealed, pro- volts d-c; .04 ampere 550 volts d-c 
tected from wear or becoming fouled. Pilot duty rating is: 600 volts a-c, max 


Field adjustability permits its use in ne , i i 
Like many other precision switches Field Adjustable 


any type of application or location. . 
in the MICRO SWITCH line, this versa- Actuator 
Two-circuit contact arrangement al-_ tile 2-circuit switch is an ideal com- | The roller arm actuator is field 
: : . . , : P stable ough 36 » @ 
lows flexibility in circuit design. Re- ponent for installation on present | ®)ust#ble through 360 degrees, 


“ : : positively locking in any position 
liability of the precision, snap-action plant equipment. MICRO precision | Actuators are assembled to oper- 
unit assures accurate repeat opera- switches make production machinery | ¢ in either direction. They can 
tion throughout many millions of safer, more automatic and more | |. divection only. clockwise or 


hard, fast actuations. Although small productive. counterclockwise 


also be converted to operate in 





MICRO precision switches are sold by distributors in key cities everywhere. 
Send for Look under ‘‘ Switches, Electric’’ in the yellow pages of your phone book, 
new catalog 83 


pres MICRO SWITCH 
enclosed switches. 


a A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
———— in Conado, Leaside, Toronto 17, Ontorio « FREEPORT, ILLINOIS mn 
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Circle rolls its own copper rod at Hicksville 
Later this rod is shipped te the Maspeth pliant 
for wire drawing to all sizes. Circle aise sells 
het relied copper rod te other industrial users. 


in addition to single conductor wire, Circle alse 
produces stranded wire and cabie. This high 
speed machine can assemble 12 wires te form 
concentrically stranded cable 


All of Circle's products are made to rigid qual- 
ity standards. Here, rubber-insulated wire is 
tested in water under an electric charge. Any 
defect is immediately recorded 

















The ‘‘house”’ that pleased customers took 


W* BACK IN 1920 — many of our old friends _ possible quality for residential, commercial and 
will remember — Circle started business in industrial use. 
a small shop turning out armored cable. It takes pleased, loyal customers in ever in- 
That was over 35 years ago. Since then, creasing numbers to make such growth possible. 
thanks to the support and growth of the elec- If the future means still greater growth for 
trical industry plus a policy we early adopted Circle, it will be because one thing remains con- 
of providing top-quality products with fast, stant: the determination to continue to provide 
friendly service — Circle has grown to be one of unsurpassed quality of product plus the swift, 
the country’s largest producers of building wire  out-of-the-ordinary, personalized service which 
and cable. has made thousands of friends for Circle from 
Today, Circle plants contain close toa million coast to coast. 
square feet of space devoted exclusively to the Circle Wire & Cable Corp., 5500 Maspeth 
manufacture of wire and cable of the highest Avenue, Long Island, New York. 


WIRE & CABLE 
a subsidiary of 
Cerro de Pasco 
Corporation 





PLANTS: Maspeth and Hicksville, N.Y. SALES OFFICES & WAREHOUSES: Atlantic, Baltimore, Boston, Chicago, Cincinnati, Dallas, Des 
Moines, Detroit, Houston, Jacksonville, Los Angeles, Miami, Minneapolis, Nashville, New Orleons, Omaha, Philadelphia, Pittsburgh, 
Portiand, Ore., San Francisco, Seattle, St. Lovis. ADDITIONAL SALES OFFICES: Cleveland, Davenport, la., Newark, New Haven, New York, Utica, 


RUBBER COVERED WIRES & CABLES - VARNISHED CAMBRIC CABLES - PLASTIC INSULATED CABLES - NEOPRENE SHEATHED CABLES 


SALES OFFICES 
, AND WAREHOUSES 


A panoramic view of Circie’s huge piant at Circle’s modern rod mill and steel flattening Perhaps, the biggest single reason for Circie’s 
Maspeth, Long isiand. Here, on 13 acres of plant on Long island, one of the country's growth has been its fast, friendly service te 
space, Circle daily turns out millions of feet largest single units, has a rolling capacity of customers. Circle maintains a national network 
of top-quality wire and cable over 150 million ibs. of copper per year. af 22 warehouses te support this policy. 





From 
any angle... 

it pays 
to use a 


Circie F 


device! 


No matter what the problem or the product, if it’s 
in the electrical field, we either have the device 
needed or our research department can tailor-make 
one for you. 


And this is no idle boast. We proudly point to our 
fifty two years of complete service to the electrical 
industry with quality products at lowest prices and 
fast service. 


NO. 3630 


30 AMP. DRYER AND 

POWER RECEPTACLE 

Surface Mounting 

Heavy Bakelite 

Polarized with “L” Shaped 
Grounding Slot 

FOR DRYER AND POWER CORDS 
C.S.A. Approval No. 9998 


NO. 3530 


30 AMP. 3-WIRE DRYER 

AND POWER CORD SET 

All Rubber 32” Long 

One Piece Molded Rubber Cap 
Includes Cable Clamp 


NO. 3631 


30 AMP. DRYER AND 

POWER RECEPTACLE 

Flush Mounting 

Polarized with “L” Shaped 
Grounding Slot 

FOR DRYER AND POWER CORDS 
C.S.A. Approval No. 9998 


NO. 2573-L 


3-WIRE BAKELITE 
GROUNDING ADAPTER 
Polarized slots and 
Polarized blades plus 

U” shaped grounding slot 
C.S.A. Approval No. 1293 


Circle F Mfg. co. \L) 
TRENTON 4, N. J. 


YEARS SAVING YOU MORE SINCE 1904 
Eastern Insulated Wire Corp. Wallingford, Conn. A subsidiary 
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The "Unseen Hand" 
at the Controls... 


AUTOMATICALLY SENSITIVE 


Performance-Rated 





SELECTIVE 
SPEED DRIVE 


More accurately than the most experienced operator, 
Performance-Rated Century Selective Speed Drives 
automatically adjust motor speed to meet operating 
requirements. Speed changes are integrated with vary 
ing pressure, temperature, viscosity or size of the mate- 
rial being worked. You can also use Century Selective 
Speed Drives for starts, stops and jogs—forward or 
reverse — as required. 





For full information and 
assistance on any motor 
drive application, AC 

or DC, call your nearest 
Century Sales Office... 


or write us direct. 


Y erf -ated 
hfe te ae CENTURY ELECTRIC COMPANY 


1/8 to 400 H. P. 


1806 Pine St., St. Lovis 3, Mo. « Offices and Stock Points in Principal Cities 
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A DEPENDABLE COMBINATION 


Westinghouse Bus Duct —made with Kaiser Aluminum 
Bus Bar 
bus duct systems. Among these 


offers many advantages that result in better 


advantages are: 


Application flexibility—Westinghouse Bus Duct using 
aluminum bar is normally applicable to all installations 
where duct using copper bar is currently used. There 
are distinct advantages to consider when comparing the 
use of aluminum with copper in any particular appli- 
cation, 


Up to one-third less weight —the cross-sectional area of 
aluminum bus bar for comparable current capacity is 
only slightly greater than that of copper bus bar. But, 
aluminum is a little less than one-third the weight of 
copper by volume. Thus, a 10-foot section of bus duct 
using aluminum bar is approximately 309 lighter than 
a 10-foot section of bus duct using copper bar. 


Easier handling — Lighter weight and easier handling go 
hand in hand. Every step of the way from transporting 
to installing, personnel find the lighter weight of alumi- 


num a distinct advantage 


Lower first cost— At present approximately 10% saving 
over equivalent copper duct can be realized. Increased 
use resulting in lower manufacturing costs will increase 
this saving still further. 


Lower installation cost —This is primarily due to being 
able to handle bus duct using aluminum bar with greater 


ease. Less time is required to get the duct in place. 


Lighter floor loading —This is another benefit of lighter 
weight of particular value when bus duct is used as part 
of a modernization program, especially when it comes 
to installing duct as vertical risers in commercial build- 
ings. Aluminum bus duct is the answer. 


ELECTRICAL CONSTRUCTION AND 


MAINTENANCE 




















In addition, Westinghouse has built in the same as- 
surance of low resistance joints that are available in 
duct fabricated with copper bar. Each bar is electrolyti- 
cally silver plated over its entire length to provide the 
same consistent low contact electrical resistance which 


MAY, 1956 




















FOR BETTER BUS DUCT SYSTEMS 





is stable over long periods of time under varying op- 
erating conditions. In performance it is equivalent in 
every respect to copper bus duct and meets the same 


NEHA & U/L standards. 


Detailed information on Westinghouse Aluminum 
Bus Duct can be obtained by writing to Westinghouse 
Electric Corporation, 3 Gateway Center P.O. Box 868, 
Pittsburgh 30, Pennsylvania. 


e Aluminum’s unique combination of useful properties 
make Kaiser Aluminum Bus Conductor ideal for use in 
industrial plants, commercial buildings, central stations 
and substations. Among its advantages are high conduc- 
tivity, light weight, corrosion resistance, workability, 
strength, availability and economy, 


To assist manufacturers, utilities, architects and en- 
gineers in the conversion to aluminum bus, Kaiser Alu- 
minum makes available a large range of shapes, alloys, 
and sizes of aluminum bus conductor—including rec- 
tangular, tubular, and solid round bus. Ask for free book- 
let “Kaiser Aluminum Bus Conductors” —containing 
valuable information on types and advantages, availa 
bility, electrical properties, physical properties, bend 


ing, corrosion resistance, joining, and silver plating. 


Kaiser Aluminum & Chemical Sales, Inc. General 
Sales Office, Palmolive Bldg., Chicago 11, Illinois; 
Executive Office, Kaiser Bldg., Oakland 12, California. 


1 Kaiser Aluminum 


Sl 


ARMORED 
SERVICE 
oRor 


QUADRUPLER acse 
ALL- ALUMINUM 


OR AAAC 


TRIPLEX 


THYLENE TwoO.sHoT 


RANDED AA‘ 


JmINUM ALLOY CONDUCTOR 


BUNLDING 


wikt 
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LITECONTROL makes Eyeing and Buying Easier 
in this Drug Store installation 


This drug store part of a large shopping center) is designed to take 
heavy trafhe and the lighting in turn is designed to focus the trathic's 


attention on the merchandise with maximum eyc appeal 


Litecontrol s new series 6000 fixtures which are approximately two 
feet by four feet were used. This size and type fixture provides a large 
area Of low brightness and transmits a lot of light without specular 
glare or harmful shadows. Note the evenness of illumination. The fix 
tures shown were furnished with Albalite #66 glass, but are also avail 


able with Plexiglas dish diffusers 


Relamping and cle initiv are cCasy A light rouch on the Irigger 
Catches opens fixture doors, and an easy push into place closes them 
securely. This type fixture is also available for Grid type ceilings, and 
for surface mounting, both two feet by four feet and two feet by two 


feet. Also comes with two, three or four lamps 


If you want to play up merchandise and play down glare put it 
up to Litecontrol, Yes, and you'll find there's a standard Litecontrol 
fixcure that will do a quality lighting job for every type of public build- 


ing. May we help you 


INSTALLATION; Bouse Super Drug Store, Allentown, Penna. 


ARCHITECT -ENGINEER: Supowitz & Demchick, Philadelphia, 


Penna 


ELECTRICAL CONTRACTOR, The Howard P. Foley Co., 


Allentown, Penna 
DISTRIBUTOR, Graybar Electric Co., inc., Allentown, Penna 


FIXTURES, Litecontrol No. 6034R8S-66 3 Lamp 40 Wott 
Rapid Start, recessed fixtures with Corning Albalite 
#66 ribbed diffusing glass. No. 600 ster 


Frames aiso furnished 


INTENSITY, Approximately 55 otcandles average in 


service. (Date of installation, December, 1954) 


LITECONTROL 


CA“MMM2LCT 


KEEP UPKEEP DOWN 
LITECONTROL CORPORATION 


36 PLEASANT STREET WATERTOWN 72 MASSACHUSETTS 


DESIGNERS, ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DlsTRIBUTED INLY THROUGH ACCREDITED WHOLESALERS 
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Exposed to direct flame, 
Okotherm-insulated wires con- 
tinued to operate for over 8 
months on these coke oven 
charging cars. 


Okotherm-Insulated Wires lasted 8 months here 


Until recently, one of the 
coke producers in thi 


nation’s largest commercial 
outheast had to re place at least 
one cable leading to the 


vibrators on its coke oven charg- 


ing cars ‘‘every shift, three hifts a day, thirly days a month.” 
These re plac ements were nece ssary because the cables 
had to 


charging operation. The company reported that this re- 


pass through flames toward the end of each 
placement cost them an average of $247.50 a month. 

installed Okotherm-insulated 
wiring on the vibrators and lights of these cars 
that tim« 


wire and installation cost 


Eight months ago, they 
since 
no replacements have been required, The total 
was less than $200. The 


month cost” already averages les 


“pel 
than $25.00 


Kon; Tien, 
hae 


» 
, 
in 
“Sait 


— 


i 


If you have a high ambient temperature cable problem, 
it will pay you to investigate Okotherm-insulated cables 
Suitable for operation up to 200C, Okotherm-insulated 
cables are moisture- and ozone-proof and have high di- 
electric strength. Single and multiple-conductor power 


and control cable constructions are available 





NEW 


aluminum sheoth. Eliminates conduit. New 


Okotherm-insuloted cable with 


Bulletin EC-1088 gives all details 


© iy, 
THe Rw 
Write for it today to The Okonite ‘ 


Company, Passaic, N. J 














OKONITE “ insulated 
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Automation means power. And the most efficient, 
economical and.flexible method of distributing power from 
service entrance to machine is via (4 Busduct. 


( Busduet is automation in action. It makes power 


available when and where you want it. You simply “plug in 
and go’, with (@.Busduct. 


fA) Busduct permits quick changes in plant or structural 

layout without disrupting production, eliminates temporary 
connections and long lead-ins, cuts maintenance costs and 
affords other savings by reducing power loss caused by 


voltage drop to a minimum. Too, it is 100 percent salvageable. 


(A) Busduct is approved by the Underwriters’ Laboratories, 
Inc., for label service. It is made in standard lengths, 


and can be used to fit almost any electrical requirement. Sections 








can be run horizontal, or vertical, on floor level or 





overhead, through walls and tunnels, with raintite or dustite 


construction for special installation. 
intormation about 
(A Busduct 
consult your nearest For the maximum in efficiency, economy and flexibility of 
Oh representative 
listed in Sweet's or 
write for Bulletin power distribution. 


plant operations, install Busduct, the modern system of 
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FEEDER BUSDUCT 


Ideal for conducting heavy current from serv f nee to distribution 
enter. Available in single bar and Hi-Efficier )¢ ciency duct 1s 
available in three types-open, protected enclosed 


Capacities 600 to 4000 amps, 60Ul olt 


Vv 


‘ 


\ 


POWERPLUGIN 
MIDGET SIZE 


ides ‘plug in and go’ power for all Viade in five and 


ten foot sections with plug amperes, ¢ 


olts feeder capacity. Al: olid neutra 


WIRE AND CABLE 
DUCT 


s permitte 1 ur 


{ re 


makers of : 

Fr A, 6: ° (z busduct + panelboards + switchboards 

C (rit sih C Attia Lem Os service equipment . safety switches 
Phone JEfferson 3-6550 load centers + Quikheter 


57, MAIN P.O e $7. LOUIS 3, MO 
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«++ the choice of lea 
in industry 





TRANSFORMERS 


ders 








DRY TYPE (OPEN, VENTILATED) 


For indoor use only, 


Normally installed in a dry, dust-free atmosphere in a well-ventilated 


location. Light in weight 


proof vaults necessary. 


ideal for multi-storied buildings ...no fire- 


CLOSE- 
COUPLED 


These liquid-filled trans- 
formers fit flush against 
switchgear enclosures, 
eliminating throats and 
saving space... avail- 
able in ratings from 500 
through 2000 kva. Con- 
nections are made at the 
bushings on the sides of 
the transformer. 








\ 


30 


eee GEES GEES GED GE Ge come 
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OIL AND 
NOFLAMOL- 
FILLED 


Oil-filled transformers are 
generally used outdoors. 
They can be used indoors 
if fireproof vaults are 
provided. Noflamol type 
in this model is filled with 
@ non-inflammable liquid 
moking it especially suit- 
able for chemical plants, 
refineries and other loca- 
tions where explosive 
liquids and gases are 
present. 





NITROGEN- 
FILLED 


These Class H Silicone 
Insulated Transformers 
offer many advantages 
in maintenance and 
safety. Suitable for in- 
door or outdoor use... 
covers are welded to 
tank...no cleaning 
problems, even in dust- 
filled areas...com- 
pletely fireproof. In 
ratings up to 2000 kva, 














than an uninterrupted flow of power.... 


SUBSTATION TRANSFORME 


to give years and years of service 


The importance of the transformers in Write for Bulletin TU-205. It gives full 
your plant power distribution system information on Wagner Unit Substation 
cannot be over-emphasized. If a switch Transformers for industrial power distri- 
or a circuit breaker fails, only a part of bution systems. 

the system is affected—but if the trans- 

former fails, the entire system is dead. 


Think of the cost to your plant in terms 
of cancelled orders and lost manhours 





om ning 
isle: event edies enka Gated Sailhia ( For portable tools, machines and lighting systems 
down. GET THE RIGHT VOLTAGE CLOSE TO THE LOAD with 


Why not check up now on the ade- these WAGNER DRY-TYPE TRANSFORMERS! 


quacy of your transformers? If you find Save money through shorter runs 


that new units or a new distribution of copper, reduced line losses and 


Te lower installation expenses. These 
system is in order—Wagner can supply Weantr QreDues. Wensiedenes 


you with substation transformers pre- are compact, light in weight and 


designed to meet your requirements. safe to use. Good for use where 
ventilated transformers are im- 


Wagner Predesigned Transformers practical. No fireproof vaults or 


offer you the advantage of a proved other enclosures necessary . .. install 
design in a completely assembled trans- inside or out. 

former, tested at the Wagner factory. 
They are built in standard ratings which 
are coordinated with the specifications of The 150° rise transformer is standard 


unit substation builders in ratings 3 through 10 kva and is 
also available through 50 kva, 55° 


You save time... rise model is standard in 1, 1% and 





2 kva and the 80° rise transformer is 


standard in ratings 15 through 100 
--.and get full Wagner Quality with kva. Write for Bulletin TU-57 for 


the switchgear of your choice. | — full details, 


...save job engineering costs... 





™~ 





WAGNER ELECTRIC CORPORATION 
6413 Plymouth Ave. e St. Lovis 14, Mo., U.S. A, 


ELECTRIC MOTORS © TRANSFORMERS © INDUSTRIAL BRAKES 
AUTOMOTIVE BRAKE SYSTEMS — AIR AND HYDRAULIC 


Bs 
BRANCHES IN 32 PRINCIPAL CITIES 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1956 





Tai ies makes the big difference... 
Sh ighting Tirta TZ, 


a — _ 


On rise hein? lll. 


Mr. L. H. Misner, Manager, Foothill Electric Corporation, Oakland, California 


“Extremely pleased with the quality 
of Day-Brite” 


“We installed approximately 680 Day-Brite MOBILEX 
grid-type units in the J. R. Sousa Building at Oakland. We 
were extremely pleased with the quality of the units and 
ease of installation. The fact that the unit was designed for 
the suspended grid-type ceiling used in this building, made 
installation very simple. 

“We would also like to compliment Day-Brite on their 


excellent service on this job— it enabled us to coordinate our 
work with other contractors and complete it on schedule.”’ 


These comments by Mr. Misner are typical of the opinions 
of electrical contractors from coast to coast. 


MOBILEX: T. M. Reg 


Day-Brite Lighting, Inc. DECIDEDLY BETTER 
5402 Bulwer Ave. DAY-BRITE 


St. Louis 7, Missouri Lighting Tirlures 


— 


The John R. Sousa Building, Oakland, NATION'S LARGEST MANUFACTURER OF 
one of Foothill Electric's recent jobs. COMMERCIAL AND INDUSTRIAL LIGHTING EQUIPMENT 
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EPC CONDULETS OFFER 
Simple Dsign 


@ Light - weight cast alumi- 
mum: easy installation — no 
need for hoists. 


@ Strong cylindrical construc- 
tion: sturdier, more compact, 
saves material. 


@ Flexible in application: 6 
basic body sections . . . inter- 
nal diameters ranging from 5” 
to 15” .. . top and bottom 
covers of varying lengths .. . 
all add up to an abundant 
selection of different 
enclosures. 


and Dust- oe iz 


>” 


— Motor Controls!. 


= tee 


— a 
SAD 


: ) cneater Safety Begins with EPC Combination Line 


an Starter and Circuit Breaker COND ULE TS 


Flame-tight containment of all ares is the critical fune 
tion of the Type EPC. It is explosion-proof, dust-tight and 
weather resistant raintight Covers are taper threaded 
with seven threads for extra safety. Seven conduit entrances 
save money by simplifying installation. This adaptable Con 
dulet is offered to accomodate a broad variety of well known 
controls in single speed, two-speed and reversing starters 
circuit breakers, and combinations lor motors up to 200 
H.P., and up to 550 volts. Sizes 0 to 5 


hlectru ( | f j f ‘nl » 4 ii. ¢ 
I Cs af ii] 














World’s Widest Line 


... Offers exclusive compactness 
to conserve costly space! 


A given area will hold MORE 
Crouse-Hinds motor controls 
than any other make 


In the typical installation above, there are 33 


Crouse-Hinds Type EPC combination motor 
starters and circuit breakers 


plus space 
for 2 more plus 2 circuit breakers . . . 
all in 28’ x 10’ of space! Conventional single- 
tiered installation would have required a rack 


20’ longer, and 4 more junction boxes, Addi 
tional money was saved on the construction 
of steel mounting racks 


Easiest Installation Known! 


An electrician and only one helper can install the largest EPC 
combination starter and breaker. For example, the heaviest 
component in the 100 H.P. size weighs but 85 lbs. Components 
are few just four: center body section, starter and breaker 
assembly, and two covers. The high-domed cover removes to 


expose starter and breaker assembly on all sides, thus providing 
complete wiring ease 


@ A postcard will bring our 
Condulet catalog to you by 


return mail. 
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© Crouse-Hinds Explosion-Proot and Dust-Tight Motor Controls 
Vr Hee 








World’s Widest Lin 


++» Offers Safe Starting 
Protection for Motors 


from 25 HP. down 
to fractional Sizes 


EPC Line Starter Condulets 








For across-the-line magnetic motor starting of polyphase A.C. induction 
motors. Provide undervoltage and thermal time limit overload protection 
Available air-break or oil-immersed; one or two speed and reversing 
Compact circular design is lighter, easier to install. Threaded joint 
covers provide maximum protection. Size 0 through 5. Up to 550V, A.( 


National Electrical Code Class I, Group D; Class II, Groups E, F & G; and 
Class Ill 


GUB Line Starter Condulets 


For across-the-line magnetic motor start 
ing of polyphase A.C. induction motors 
Provide undervoltage and thermal time 
limit overload protection Threaded 


FLF Manual Line Starter Condulets 










For across-the-line manual motor start 
ing of direct current or single and poly 
hhase A.C. motors, Provide thermal time 
limit over-load protection. Through-feed 
hubs, or both at bottom. Threaded covers 
set at an angle provide ease of wiring 
Lever may be padlocked in “on” or “off” 


covers for maximum protection. Fur 
nished with local er for remote push 
button control. Sizes 0, 1 and 2. ( p to 





550 V., A.C position. Available with a broad variety 
National Electrical Code Class I, Group D of well-known starters. Sizes 0 and 1, t p 
Class Il, Groups E, } G; and Class Il to 550V, A.C 


National Electrical Code Class |, Group D 
Class Il, Groups E, tT G; and Claas Ill 


GUSC Manual Line Starter Condulets 


For across-the-line manual 


There's @ we a a canto 


motor starting of direct cur 
Oo -_ = Fra rent or single and polyphase 





\an’ srical COM oat A.C, motors. They provide 
National py ‘ ol thermal time limit overload 

GrowP'c and Clon protection but do not pro 

- vide undervoltage or short 

motor Start” gotor Start om , AS circuit protection, Lever may 

oF' Many — BFP. Mec , bande 5 € ; he padlocked in either “on 
bP. 299 © ing SWHD cong UR x “off” positions. Through 
ae, 600 "V 7 feed hub threaded covers 

3 ” Sizes 00, 0 and 1, up to 460 


V., A.C 


National Electrical Code Class 1, Groups C and D; Class IH, 
Groups BE, F, & G; and Class Ill 


WY Send for our Condulet catalog. 
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Explosion-Proof, Dust-Tight, Raintight 
Type EPC Circuit Breaker Condulets 


. Nt PC Ca ( cl eake on 
Explosion-Proof, Dust- a « 4, potas ; o nak os pe Aa 
Tight, Raintight Type FLB feeder 


or branch circuit protection. Circular 
Circuit Breaker Condulets design is lighter, easier to install. Threaded 
’ covers provide maximum protection, easy 
wcess to interior Operating handle i pro 
vided for manual closing —™ Or Fé et 
feeder, or branch circuit prote ting, and may be padlocked in “on” or “off 
tion lop and bottom through feed 
conduit hubs are available in all 
i7es Wiring Cause provided by 
threaded covers, set at an ingle — * National Electrical Code; Class 1, Group I 

Ope I iting h inde may be padlox ked in “on or “ofl . I, Group f I : G; and Class III 

position, Size 1) to 225-ampere frame 


These Air Break Circuit Breakers 


we suitable for service entrance 


position 


Sizes: 50 to 600-ampere frame 


National Electrical God lass I, Group D; Class II, Group EPC 


, oe ae Cae ee Circuit Breaker 
Condulet 

Explosion-Proof, Dust-Tight, 

Raintight Type GUSC Circuit 

Breaker Load Center Condulets 


ype GUSC Condulets are exception Type DVS 
illy well suited for small service Air Break Circuit Breaker 
entrance feeder, or branch circuit “ee 

protection They may be mounted in Condulet 

either vertical or horizontal positions : 

Handle S yacdlock in “on or “of” e P 

positions o— tilable with Type MO Dust-Tight, Watertight Type 
multi-breakers for 115 to 230 volt A.( DVS Circuit Breaker Condulets 
circuits at 15 0) or JO-ampere ilso 

with thermal magnetic “Quicklag . lype DVS Air Bre ik Circuit Breaker 
cireuit breakers for 125 to 250-volt Condulets are suitable for ervice 
A ( circuit it 10. 15. 20. 30 and entrance feeder, or branch circuit 
10-ampere Both offer single and 2 protection. They provide maximum 
gang units with one to four breaker ifety in Class IT and HI hazardou 
irea Gasketed joint between cover and 
omplete protection Handles, which may be 
in nn or off ; position ure lox ited on front for 
installation. Size 50 to 600-ampere trame 
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, 


} 
Ny 
=, Explosion-Proof, Dust-Tight EFD Series 


nee Circuit Breaker Condulets 
oh 
~~ : EFD Condulets are small, compact, and available in single or 
= ' two-gang units for either surface or flush panel mounting. Fur 
= nished with single pole, 115-volt A.¢ Type MO multi-breakers 
Ampere rating 15. 20. or 30 


lwo-Gang EFD National Electrical ( 


A > 
re Vath a « ode; Class I, Groupe C & D; Clase IH, Groups I I - 
Circuit Breaker y G; and Class Ill 
Condulet 








® Crouse-Hinds Explosion-Proof and Dust-Tight Motor Controls 














OFC Pushbutton Stations 
and Selector Switches for 
Included in these series are pushbutton on, pilot light and Oil Immersed or Air 


ndulet sing] Break Devices 


rnigery or iti il 

feature ivailable 
rocker lockins Med j Or¢ Condulet ire ext 

of without “ 

perated tumbler 1 proot tl 


na he ul ed to pre ven ‘ r 
erating key: device ‘ ‘ 
y sous by filling the lone 
which is threaded t 


imply 
ip hbutton 








Crouse- Hinds Explosion. Proof and Dust. Tight Motor Controls 
iB we 
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EGP Factory Sealed Pilot Lights, EMP Pilot Lights, Push 
Pushbutton Stations and Com- Button Stations, Selector Switches 
and Combinations for Panel 


binations for Panel Mounting 
Mounting 


KG pu hbutton station pilot light 7 77 
id selector switch Condulets may be r EMP Condulet ire very compact 
i wide variety of requiring an absolute minimum of 
consistent with thor ! 


1 singly or in 
panel space 
For th 


used 
ibination Construction provides 
onpee ” proot protection 
uited for flow 
pu hbuttor 


for flush mounting of pilot lights 

pu hbuttons ind reason “thes ire ideally 

the panel face Condulet bodies for 

‘ ng and conduit connection ire =F witch handle mount flush w 
i “ yanel - mt as in EGP Condule 


witch handles on 
char pane ls. Pilot light 
ear of the board 
cover give 


nterior 


dust tight motor co 


explosion proot ro 
sary to make a compl f 


Only a fraction of Crouse-Hinds 
h is been shown he re The wccessory equlprme nt nece 
motor control installation junctions, seal union ete is described 

detail in the Condulet cat ilog Send for a copy kor help on an ¢ «plo ol 
prooting problem see a Crouse-Hinds distributor, or call the nearest Crouse 


Hinds office listed he low 


pistRIBUTION 
eLeCTMICAL 
oisTaisuToRs 








SAY BO. 5 S | HOT TIP CHARLIE AT IT 
. AGAIN. IF WE USED DODGE 


JUST HEARD THAT SOME FIRM FROM SPRINGFIELD, \ REPORTS AROUND HERE WED 


: HAVE FACTS TO GO ON— 
MASS...OR MAYBE MISSOURI-IS GOING TO BUILD | TUNE HARES ho 


ON THE MILLER PROPERTY. UNDERSTAND A 

NEW YORK OR BOSTON ARCHITECT IS INVOLVED. 

DONT KNOW IF THEYVE PICKED A CONTRACTOR. 

ANYWAY, THE JOB COULD RUN TO $400,000 - 
OR WAS IT $140,000? IM 


GOING TO CHECK cn Se 


IF YOU HAVE A STAKE 
IN NEW CONSTRUCTION 
anywhere in the 37 eastern 
states, Dodge Reports will 





RIGHT! AND SAVE MONEY 
TOO. WHAT WELL SPEND ON 
DETECTIVE WORK IN THIS CASE 
WOULD PROBABLY BUY DODGE 
REPORTS FOR A YEAR. 


WANT PROOF 
THAT ITS CHEAPER 
TO USE DODGE REPORTS 
THAN NOT TO? MAIL THE 

COUPON NOW! 


tell you daily what’s coming F. W. Dodge Corporation 


up, the man to see, what the 


Censtruction News Division 
119 West 40th Street 


job requires, when bids are New York 18, N. Y, 


due, who gets the contract 

They give you all the infor 
mation you need to plan ahead... . to pick and choose 
the jobs you want. 


Whether you want more business, better business, or more 
time to handle what you have, 


eo DODGE REPORTS ma 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


ye typical Dodge it 
n interested in 
[] House Construction 
1) General Construction 
(1) Engineering Projects 


~ 








fas CERTIFIED 
"'/, 4 CBM BALLASTS 


...glue you more economical 
Fluorescent Lighting 


because they are “Tailored to the Tube” 


oY Vv 


Ever y type and size of fluorescent tube 
has its own specific electrical require 
ments. Thus, to get ideal performance 
and lighting economy, it is essential that 
the ballasts provide precisely the electrical 
needs of the tubes they operate 


CERTIFIED CBM BALLASTS are ‘Tailored to 
the Tube.” Built to exacting specifications, 
then tested and checked by ETL, an in- 
dependent agency, Certirieo CBM 
BALLASTS are a dependable assurance 
of both satisfactory and economical 
fluorescent lighting 


Certified CBM Ballasts 


PROVIDE: 


LONG BALLAST LIFE 

FULL LIGHT OUTPUT 
LONG LAMP LIFE 
TROUBLE-FREE OPERATION 


all of which contribute to easier mainte 
nance and fluorescent lighting economy 


Eight of the country’s leading manufac Send for free booklet, “Why It 
turers of ballasts make CrertTiriep CBM Pays to Use CERTIFIED CBM BALLASTS le 
BaLLasts. Participation in CBM is open Fluerescont Lighting Fixtures. 


to any manufacturer who wishes to qualify 


7 
CfAyentirien BALLAST MANUFACTURERS 
2116 KEITH BLDG., CLEVELAND 15, OHIO 
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This concrete, marble-faced memorial fountain is described as the “crowning jewel” of the Greater Pittsburgh Airport, 
seen in background. Almost three miles of Spang conduit carry wires to the underwater fixtures that light the pool at 
night. All of the work on this project was under the direction of the Board of County Commissioners of Allegheny County; 


John J. Kane, Chairman, Howard B. Stewart, John M. Walker; also the late Harry W. Fowler and George Rankin, Jr. 


SPANG HD protects fountain wiring 
at world’s largest airport terminal 


easy bending, corrosion- the four cascading pools,” says Mr. An 
drew A. Joos, foreman for Fk. C. Ernst, Ine 


resistant qualities deciding “SPpaNnc’s easy bending qualities were one 


{ we used it throughout 


factors in choice of conduit of the chief reason 
the entire job 


oh 
John B Spanc’s Heavy-Duty galvanized coating 


50.000 
I Ww 
“ ; highly resistant to corrosion and white 


crowning jewel rust. and is ideal for protection against 

Bn Airport whose unusually heavy moisture 
t in the world. 
SPANG 8 quality control makes this per- 
multi-colored, formance pos ible. It produces a uniform 


e airport en conduit that ij to cut, bend and 
f liquid color hire ind assu 1 smooth interior 
litter, SPANG i mote “asy wire fishing Phe top 

fut ranging trom ality valvanized finish will not chip, 


ill the wiring to th cr peel or blister even under the most 
xture es wi v } in 
Her why by nding A workman is shown making one of the many 


uiily SPANG } moon your next intricate bends required in installing the foun 
' s conduit. Because of its exceptional bending 

iit ben ! Ee co j jor ise HD set your 
and corrosion-resistant qualities, Spang HD was 


niche lig used to carry the necessary wiring 


County of Allegheny 


eS BM ices scsooh Hoorcr, Prisburgh, Po 


r a visior ‘ a 
S7ANS Division of The Notional Supply Company te": Groomes Corp., Cheswick, Pa 
GENERAL SALES OFFICE 
NDUIT , ; oe . ue eer: Lawrence W. Hornfeck, Pittsburgh, Pa. 
WO GATEWAY CENTER, PITTSBURGH, PA ° . 
District Offices and Sales Representatives ’ rica ? ’ E. C. Ernst, inc., Pittsburgh, Pa 


in Principal Cities Keps Electric Co., Pittsburgh, Pa 
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NEW... most beautiful 


Apartment Tele] yhones 
ever made! 


Equipped with cordless 
loudspeaker or watchcase 
receiver—your choice 








Modern, slim, streamlined 
design 


Aluminum face plate with 
beautiful anodized finish in 
brushed gold or silver 





Plug-and-receptacle installation 












































Easiest telephone in the world to 
install and maintain 





Excellent voice reproduction 





Competitive price 


Pleasant-sounding audible signal 





Flush, semi-flush or surface 
wall mounting 


Auth vestibule and lobby tele- 
phone also have been re-designed 
and are the last word in appear- 
ance and efficiency. Get c 


facts today. 


T 


WO 


ereseerereseees 


vs 
/ 


Exploded view of cordle Watchcase 
lo tda peak ng te le phone rece 


na 


er type 


ELECTRICAI 


HIME AND, COMMUNICATION Auth Electric Company, Inc. 
INDUSTRY AND SI LONG ISLAN D <i> iy aie 4 1, NEW YORK 
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CLIMAX OF MOVIE, “The Tenant at 1010 Main,” occurs as Elmer Payne (center) learns 


480-v system could cut cost yet provide adequate power in his firm's new building 


NEW General Electric film shows... 


How to plan ““up-to-the-future’ : power IMPORTANCE OF POWER DISTRIBUTION was driven home to Elmer 


earlier when he witnessed tenant vacating “1010 Main” because 


building's system couldn't serve modern office machines and needs 


distribution for commercial buildings 


= 
or ‘ re ewes ay 4 o 
The Tenant at 1010 Main,” latest motion picture in G.E.’s e | aeorer” 
non-commercial More Power to America series, has just been - o 
released and \ 
¢ 


1 is now available to you. This film portrays the im 
portance of adequate power distribution systems in today’s 
commercial buildings. It dramatically illustrates the consequences 
of outdated systems. And most important, it shows how to plan 
a system capable of accommodating future load growth as well 
as serving present demands 


CONSULTING ENGINEERS, CONTRACTORS, ARCHITECTS, BUILD- 
ING OWNERS can all use this entertaining, informative film 


which puts across the benefits of adequate powe! distribution view of load growth in last 20 years and that expected by 1975 


REASON FOR TROUBLE at “1010 Main” and Elmer's present quest 


for a system to economically meet future needs becomes obvious in 


in general, and modern, higher-voltage systems in particular 
Though full of factual, engineering information, the film was ———— ee ee ei er ee eee 
especially designed to be acceptable to either technical or non 
technical audiences. An authoritative manual, companion of the 
film, completes this MPA program. 


General Electric Co., Sect. A350-5 
Schenectady 5, New York 
lam interested in purchase details or 
More Power to America was launched in 1945 by General 
Electric to help America achieve higher productivity and better 
living standards through efficient application of electric power. 


TO OBTAIN THIS FILM, or other MPA programs, contact yout 
utility or nearest G-E Apparatus Sales Office, or mail coupon 
MPA programs may be purchased or borrowed. General Electri: 
Co . Schenectady, N. Y 


MORE POWER TO AMERICA 


GENERAL @@ ELECTRIC 


| should like to borrow 


the MPA Commercial Building Power Distribution program 


NAME 


 — 
COMPANY. 
ADDRESS. 


CITY 




















VERTICAL OR HORIZONTAL 
MOUNTING, plus easy addi- 
tion of a fifth or sixth terminal, ' 
iNustrates greater versatility. 





100-AMP CAPACITY of new square 
socket makes it the ‘perfect partner’’ 
for use with extended range meters 
such as General Electric's 1-55. 


ADVANCED DESIGN of socket 
and terminal, plus more 
wiring space, assures easy 
installation of 100-amp wire. 





General Electric Announces... 


NEW, EASY-TO-WIRE METER SOCKET 
FOR 100-AMP INSTALLATIONS 


extended range square QUICK AND EASY ACCESS to the interior i 
ed for meter installatior issured by the simple snap-locking device on 
pacit The new, low-cost he socket « el make removal possible 
ocket combines extended vithout use of 
these important benefit 
GREATER VERSATILITY of the new 
permits either vertical or 
imply b 
flexibilit 


fa hit 


EASY INSTALLATION of 100-amp capacity wire 
t gauge aluminum) is assured by greatly 
of lay-in type 

ynly 45 


EXCELLENT CORROSION RESISTANCE is provid 

by die-cast aluminum construction plus bake« 
nish. Positive, one-way G-E Apparatu les repre 

need for prying o G-E Distributor or write for bulletin GEC 


ing gives you the exa ) enera Llectri ( ymmpany 625-1, 


FOR MORE INFORMATION « 


tative or Authorize 


























NEW SQUARE METER SOCKET 
@ easier to wire 
@ greater versatility 


e “one-way” knockouts 





| Progress /s Our Most /mportant Product 
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WITH GENERAL ELECTRIC CAPACITORS 























You can cut power costs by 
raising power factor at the load 








CHECK THESE QUESTIONS 
TO FIND IF YOU NEED 
CAPACITORS: 


Do you use induction motors 
welders, induction heaters or 
inductive devices that may reduce 
your power factor below 95 , 


Does your power contract includ 
or KVA 


demand charge because your power 


a power-lactor penalty 


factor is low? 

Is low power factor overt oading 
your electric system, cutting ma 
chine output or blocking increased 


produc tion? 


Do you suffer from low or fluctuat 
ing voltage because of heavy ki 
ovar demands? 

if the answer is ‘‘yes'' to any of these ques- 
tions, G-E capacitors may effect important 
improvements in your plant operation as 
well as substantial savings on your power 
bills. 








Poor power factor costs you money . . money that can be saved 
by installing economical G-E capacitors. In almost every plant using 
electric motors, welders, induction heaters or other inductive electric 
equipment, poor power factor is an expensive, unwanted guest. It’s 
the basis for the penalty clause that appears in the power bills of 
many electric power companies. And it’s often the reason for over 
loaded power circuits, poor voltage and other plant electrical troubles 


General Electric capacitors supply magnetizing current (or kilovars) 
required by motors and other inductive equipment right in your 
own plant. They relieve power circuits of the added burden of carry 
ing this unproductive current. They can reduce your power bills 
Once installed, they go on saving for you year after year 


Sounds too good to be true? It isn’t! Many industrial plants find 
that power savings from G-E capacitors run into thousands of dollars 
a year. It will pay you to get the full story of raising power factor 
with capacitors. Just write for Bulletin GEA-5632, ‘‘How to Use 
Capacitors,’’ to the General Electric Company, Section 441-112, 
Schenectady 5, N. Y. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 














This electrical surge test is one of the 258 tests that every G-E ballast 


to the most severe conditions they will ever encounter in actual opera- 
receives during the manufacturing cycle. This test subjects G-E ballasts 


tion; assuring you of long ballast life and low lighting costs. 


Flora* shows you why ... 


Superior Quality Control of G-E Ballasts 


Helps You Save Lighting Dollars 


Next time 


1 specify equipment 
cent lighting installation, 
ou get the best...specify Gen 
quality-controlled ballasts 
last tag or sticker on your 
vof that it’s equipped with 

vallast ilue. It’s the eas 
n. For further informa 
write Section 


c Company, Sche 


*Miss Fiuvorescent Ballast, G. E.'s Ballast Mascot 
Copyright 19 eneral Electr mpany 


Five more reasons why 

GENERAL ELECTRIC IS YOUR BEST BALLAST VALUE 
@ EXCLUSIVE SOUND RATING SYSTEM 

@ LONGER BALLAST LIFE 

@ PRECISE LAMP-MATCHED DESIGN 

@ PROVED PRODUCT LEADERSHIP 

@ COMPLETE CUSTOMER SERVICES 


Progress /s Our Most /mportant Product 


CLOSE INSPECTION of each component as- 


sures you of high quality ballasts, lower G i N 7 a A L E LE C ie | C 
lighting costs and dependable performance- \ | 





George L.. Standring Memorial Hospital, Electrical Contractor 


The electrical re quirements of 
a modern hospital depend up 
on a quality wiring job for un 
failing « fliciency 


Mi tal raccetvoays of Rome I VT 


and conduit provide orderly 


arrangement of circuits as well 
aa permanent protection 
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MAY, 1956 











reputation with quality 


like this Seattle contractor did 


manutacturin plant 


public buil 
centers are neu They bring busine 
publicity to participating contractor 


radio, TV public inspection and word 


“Free advertising” for American Electric 
Seattle, for instance, door-opening day at the 
L.. Standring Memorial Hospital occasioned 

much fanfare and public interest. Firms like Clem 

Morisett American Electric Company 


vealtl ire public ist] » because they did 


re iped i 


One source—oine responsibility 


Mr. Morisette had the contract for the installation of 
I] onduit. Through his electrical distributor 


ibl 
office 
lin glove 
ob easier 
feature 


Ol il 


lighting 


tre 

rom im vatlability of requiremé 

through pl ‘ work of R 
OOO teet of f 


iol 


M orisett 


Type TW thermoplastic wire ind cables 
within Rome EMT thinwall conduit 


Rome* EMT cuts installation costs 


The slick inside finish (Rome-EMT is easier to fish 
than any competitive thinwall conduit on the market 
cuts fishing time, saves valuable man hours. Designed 
for one-man handling, with thread 


joint Rome EMT was ea 


compre on 


to work and install, too 


Rome Synthinol Type ri speeds wiring 


The wax mooth thermopla tic urface and sm 
diameters of Rome Synthinol Pype r\\ help ive tine 


make it clean to handle easy to strip easier to 


pull. Fully approved by Underwriters’ Laboratori 
Inc., Rome Synthinol building wires resist moisture 
heat (even Hanne oils and chemicals 

Many electrical contractors get the same advantaa 
of Rome one-source responsibility and product quality 
which he Iped Mr. Morisette do a re putation building 
job in Seattle tome Cable's sales representatives 
icross the country stand ready to help you. Our engi 
neers will be glad to study your wiring proble mis 

Write direct for information, or contact your near 


est Rome Cable representative 


For helpful data on Kom Synthinol 
Synthinol 9OL Type 
IW building wires and cable sad 
write for Bulletin TW-1. Free. No 
obligation 


and Rome — ae 


vA 


os 


‘ pa | 


It costs less to buy the best 


ROME CABLE 
Corporation 


Romer NEW YOR« 


TORRANCE CALIFORNIA 
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A/To NEW! . 


grounded MCGILL 7000 seri es 
portable 


lighting 


for modern plants 


gray handle 


portables with 
McGill 000 series grounded 


NEOPRENE-BUTYL 
service lights feature he con 
venience Tes and » Re AP ve for greater 


ed as standard by Underwriters’ s 
and =the National Electrical grease MAYA IZA aa 
Code Blade arrangement in 4 

cludes parallel blades and l 
shaped third blade for ground 
This heavy duty portable and 
any attached power tools are the new, gray, neoprene 
completely grounded. Moalded butyl handle offers 
phenolic handle is heat and im superior grease resistance, 
pact resistant and positively in won't rub off, mark walls 
sulated. Heavy wire cage fea lothes or floor. Retains 
turing end lens is zinc plated 
with chromate finish. Available 
with or without black rubber 
16-3-S} cord and 


Levolier Switch 


Distinctive in appearance, 


No. 7000-SR 
Lemp Guard 


shape and resists deteri 
ration under any service 


onditions 


McGILL 5025-SLRG 


water-tight an PA\ 


vcapor-tight portable 
and moisture for spot or 


proof flood lamps 


portable lighting Designed in two sizes for 75 or 
150 watt spot or flood lamps 
These 3000 series McGill this new series offers an espe- 
Vaporproof portables are used cially durable portable that 
extensively in flour mills, ele throws light into ordinarily in- 
vators, ships, food processing accessable places. Cages avail- 
plants and warehouses to elimi able for both PAR-38 or R-30-75 
mate hazards of shock, glass lamps on a pliable rubber han- 
splinters and sparks from brok dle, are standard with or with- 
en bulbs: A heat and impact out Levolier switch. The new- 
resistant globe seals against the est thing in de pw woes portable 
molded phenolic handle to lighting. Underwriters’ ap- 
guard the bulb from splashing proved as are all McGill Port- 
liquids. The best in protective able Lamp Guards. 
portable lighting available in 60 
or 100 watt bulb size with 


McGILL 3006 either metal or fibre cages McGILL 7000-30 


‘ 


@® Available through leading 
C : Electrical Wholesalers 
* are always a little better 


and ALL are Underwriters’ For complete in- 


ormation on McGill 
' . : . ° . , . 4 . I aboratories In spec ted Cw. peers eae r 
s P E Cc 1 A L T I E Ss ‘ write today for the 


new Catalog No. 84. 


McGILL MANUFACTURING COMPANY, 450 N. Lafayette Street, Valparaiso, Indiana 
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eusier 


A du 
Vy pe 
highe 


Single 





rontac 
irmor ass 


both wet 
special, tough thermoplastic compound 


ee 


RARER 


ABC ARMORED CABLE 


refabricated br 
quicker and safer 
t with the 


eaking lines which make installing 
A Hattened bonding wire in 
underside of each convolution of the 


ures @& permanent law resistance of armor 


SYNTHOL BUILDING WIRE—TYPE TW 


Insulated with a 
High dielectric 
echanical strength Smatiest outside diameter 
e conductor size permits more or larger con 


and dry locations 


1 same space 


ENDURITE BUILDING WIRE—TYPE RH-RW 


i| purpese wire, for either dry or wet locations 
Kil has «a greater carrying capacity be« e of 


r permissible operating temperature, which allows 


of smuatier size cable at leas cost 





IMPERVEX TRENCHWIRE—TYPE USE-RR 


conductors for direct earth burial Has a heavy 
« jacket over the rubber insulation Provides 
permanent underground cable installation 


STEEL TAPED PARKWAY CABLE 


for direct 
protection 


earth installation without addi 
All standard types regularly sup 
cables made to 


special ty pe customers 


IMPERIAL PORTABLE POWER CABLE 


SH- 5000 Volt Trailing Cu 
electric shovels dredges 
extremely tough Ne 


ion shows Ty pe 
‘1c power to 


oprene 
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Pictured and described here are just a few of the many wires and cables that are made by CRESCENT 


; 12/3 CRESCENT - 


Tyre UF ~ 19/39 CRESCENT 





TYPE UF AND TYPE NMC 


Lsed for direct earth burial as an underground feeder 
slse used for bensels cireult wiring in damp 


sive locations 


eee ea 
BUILDING WIRE—TYPE RHW 


Braid or Neoprene Covered 
in beth WET and 


Highest quality insulation, 
DKY locations at 75° ¢ 


for tse 





CRESFLEX 


lowest cost for 
Clean, 


Most suitable 
farm buildings 


rural, residential and 
array paint finish 


SERVICE CABLES—TYPE SE 


A (armored) and Style t 
approved = by Underwriters Laboratories as service 
entrance enble and may be run down the side of a 
building without additional protection it is tamper 
proof, flexible and lightweight, molsture-resistant and 
tlame-retarding 


Hoth Style (unarmored) are 


NEOPRENE CRESCORD 


Iieuvys duty oll-proof 
Luboratories Type SO 


portable cord, tuderwriters 


LOE A 


FLEXIBLE STEEL CONDUIT 


Laboratories Standard 


VARNISHED CAMBRIC LEAD ENCASED CABLE 


Varnished cambri« insulation has 
strength and tong = tlife Not affected ty oils and 
This cable is supplied with lead sheath for 


of braid for dry locations 


high dielectric 


Kreaner 


vet locations of weather-pros« 
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Typical Benjamin Lighting Units 
SCHOOLMASTER with 3 

OFFICER with 45 
VARSITY with 4¢ 


(left t 
UPWARD 
HIELDING again 


UPWARI HT 


When all things are Considered, the Better Lighting choice is 


Ser! JARs ER! 


Compare Construction features like these; you get them 
all in the new Benjamin Lighting Units: 


e no fiddling with fancy louver hinges 
and catches: Simple piano hinge and 
quick-action catches assure trouble-free 
opening and closing of louvers 


e no “swing and sway” installations! 
Jenjamin precision construction assure 
accurate alignment of unit 


channel 


embos ed 
for extra rigidity 


e no lost motion or manpower! All the 
knockouts needed 
veniently located 
new mounting hole 


there and are con 
need to drill 


iff 
no 


either 


ELECTRICAL 


e no plastics problems! Plastic louvers 
preci molded by a patented 
process fit, will not warp 


are ion 


alwa \ 


B-104018 


CONSTRUCTION AND MAINTENANCE 


tg 
z 


right) 


LIGH 


lave 


for greater seeing 


c — 
Mie / 
Ya 


Tlap 
Ligh 
“ng / 





In Subways, 
where passen 
mer safety is 
par arpa 
hreproot 


| ransite 


Transite Does 
furne 


Not Burn, 


its ingredients 


smoke or 
because ishestos 
and cement, will not support combus 


rion. Itcannot contribute to the torma 


tion of explosive gases 


That’s why TRANSITE” DUCTS 
confine burn-outs and 
protect adjacent cables 


D: SPITE modern precautions, the 
burn-out is still a potential hazard 
Consequently, cables should be given 
the maximum hreproot protection that 
Iransite Ducts provide. 


Ducts 
safeguard adjacent cables from dam- 
age and reduce the possibilities of 
panic and explosion because they are 
Made of 
cement, 
Transite Ducts will not burn, smoulder 


Iransite confine burn-outs, 


incombustible throughout 
nonflammable asbestos and 
They 
cannot contribute to the formation of 
explosive gases 


or generate smoke or tumes 


Nowhere is the fireproof pro- 
tection of Transite Ducts so 


necessary as in such vital 
locations as subways, tun- 


nels and power plants. 


Transite Provides Heat Dissipation, 
Too. In 
proot 


sddition to fire 


Ducts 


reducing 


providing 
construcuon lransite 
permit cables n cooler 


I°R losses 


wr 


As the panel below shows, incombus- 
tibility is only one of the advantages 
of Transite Ducts 
tion, write 


New York 


For more informa- 
Johns-Manville, Box 60, 
16, N.Y 





4 OTHER REASONS WHY 
TRANSITE DUCTS DO A 
BETTER JOB AT LESS COST: 


1. Corrosion-Resistant. | ransite 


made of inorgaaik 


CINE 
asbestos and ce 
ment, resists Corrosion and is immune 


to electrolysis 


2. Permanently Smooth Bore. | ransite 
makes long cable Danger 


of damage to cables is also minimized 


pulls easy 
3. Easy To Install. Transite Ducts are 
light weight, easy to handle 
quickly made 


Joints are 
And long 10-ft 
number of 


lengths 


reduce the joints in line 
4. High Thermal Conductivity. (ables 
Transite I?R 


and 


run cooler in reducing 


losses, increasing Current Capacity 


prolonging insulation life 

















In Vehicular Tunnels, if a 


should occur Iransite Ducts 


damage, permit speedier repairs 


| 
earlier re-opening for trafti 


Johns-Manville TRANSITE DUCTS 





TRANSITE KORDUCT —for 
installation in concrete 


TRANSITE CONDUIT —for exposed work and installation 
underground without a concrete encasement 
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Street Lighting 


tomorrows 


(4 


REFLECTOR COMPANY 
275 Congress Street 
Boston 10, Mass. 


Distributed Exclusively 
through Electrical Wholesalers 


Incandescent 













Oil-Tite* Control Station 
~ «+1 to 16 units 
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Standard Components Available 
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Special Service 


Units for mining, steel 
mills, extra heavy duty. 


Standard Duty 


Available in one, two 


Heavy Duty Pendent Type 


Comes in a choice of from In standard, heavy duty 


and three unit stations one to seven unit stations. and Oil-Tite enclosures 

















Get delivery now on complete 


Westinghouse pushbutton line 





The most complete selection of pushbutton units in “off the shelf’. Immediate delivery also available on 


the 


industry 


for standard or heavy duty, oiltight, 











pendent type, and corrosion-resistant applications 


now available for immediate shipment 


Standardized and interchangeable component parts 
quickly give you the right pushbutton for every appli 
cation. Even the latest additions to the Westinghouse 
pushbutton line such as the new and unique Push-to- 
Fest indicating light, which permits an immediate 


check for burned-out bulbs, are always available right 





*Trade M 
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you can Be SURE...1¢ 175 


Westinghouse 


a choice of enclosures for surface, flush or pendent 
mounting —for indoor, outdoor, water and dust-tight, 


oil-immersed or corrosion-resistant applications 
Order Westinghouse pushbuttons today—get ‘em 
tomorrow (or sooner), right off the shelf. Call the 
control sales engineer at your nearest Westinghouse 
office, or write Westinghouse Electric Corporation, 
P. O. Box 868, Pittsburgh 30, Pa., and ask for des- 


criptive bulletin 15-000. J-30191-A 
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Diagram of 4160-volt Power Supply 


High-Voltage Power Supply HIGH-voltage power supply systems in typical industrial 


and commercial installations are almost never exposed to 

transient faults. For that reason they can use the simple radial form of 

power distribution, and dispense with high-priced metalclad switchgear 

designed for automatic reclosure on faults. Reliable interruption of the in- 

CHARLES , frequent permanent fault and occasional switching is all that is required. 


E. VANA, When a new research laboratory building was added to the Universal 
ai , Oil Products Co. plant in Des Plaines, Ill., a complete new high-voltage 
E. R. Gritschke 4% , power supply system was installed for the entire plant. The S&C Metalclad 
& Associates, 4 Switchgear shown above serves as the 5-unit switching center. The diagram 
Aenean me an shows how it fits ideally into the simple radial circuit, thus eliminating the 


the design cost of complex equipment. 
of Universal 


Oil Products Co.’s electrical E. R. Gritschke & Associates, consulting engineers for the installation, 

system, and selected the & recommended S&C Metalclad Switchgear for the switching center, to pro- 

components. ° 4 . : encase : ” 
vide “completely adequate switching facilities and dependable protection. 
Architects for the job were Olsen & Urbain; the electrical contractor was 
Fries-Walters Company. 


SS. SS BE oy 


ROG TENE 
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Ze Specialists in Migh-Vollage Switchgear for Electric Utilities since 1910 





GUIDE LINE—Extends full length of the tubing (on sizes 42”, %", 1” and 14”). Guide Line, when 


properly used, eliminates costly “wows.” Bends can be pro-piemed, made atin right on the 


job. Simply align the Guide Line with correct calibrations on the Republic Bender and you can't miss. 
¥0 WL STAY Accurate saddle bends, back-to-back bends and true offsets are a cinch to make. 
— ~ 
7 : 1 
WAY AHEAD = we vA | a 


IT’S “INCH-MARKED” —for easier measuring 
IT’S “GUIDE-LINED”—to eliminate “wows” 


BENDING INSTRUCTIONS— are available on handy wall chart. Includes helpful 
tips on using the Republic Calibrated Bender. Send coupon today for your 
chart. It's free, 





REPUBLIC 


Woldi Wideat Range of Standard Steels 
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“INCH-MARKS"—Help you avoid clumsy problem of a flat rule on a round 
tube. Each inch and foot of tubing is clearly marked to permit easy 
measurement of exact length. Speeds up cutting and bending operations. 
On sizes 2", %", 1 and 1%". Always ask for “Inch-Marked”—the 


mark of quality. 





JOINING 1S QUICK ANO EASY. There are no threads to cut, no lines to turn. To 
make joints tight, just turn the nut, not the entire run. Runs fixed at ends can be 
joined in the center without turning the run, using a standard compression coupling. 
On concrete-pan jobs, boxes with connectors attached prior to spotting make 
accurate location of outlets easy. Runs are quickly attached without lifting the box, 





Republic Inch-Marked E.M.T. 





You don’t have to worry about a pocket full of wet 
concrete when you work with Republic ELECTRUNITE" 
E.M.T. It goes in so smoothly you can’t help staying 


ahead of schedule. 


The reason: Republic E.M.T.’s exclusive features that 


simplify the job from planning to wire pulling. 


Measuring distance is easier because the entire 
length of tubing is marked in inches and feet. Bends 
are easier to make accurately—and without costly 
“wows'’—due to the handy, longitudinal guide line. 


Wire pulling is almost effortless because of the knurled 








































ELECTRICAL CONSTRUCTION AND MAINTENANCE 


“ball-bearing” inside surface of the tubing—another 


Republic exclusive. 


Republic ELECTRUNITE E.M.T. makes it easier to 
meet schedules for any type of construction. For con- 
crete-slab construction it's 100% approved by the 
National Electrical Code. 


Keep the concrete boys off your back, and at the same 
time reduce costs by installing Republic E.M.T. Just 
ask your electrical distributor for the E.M.T. that's 
“Inch-Marked”’” and “Guide Lined.” Send coupon for 
literature providing complete information. 


REPUBLIC STEEL CORPORATION 

Steel and Tubes Division 

Dept. C-1909 

212 East 131st Street « Cleveland 8, Ohio 








Please send me more information on 


ELECTRUNITI 
“Inch-Marked” E.M.T, 


Bending Instructions 


(Handy Wall Chart) 
Name F io Title 


Company 


Address 
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Model CA V tura Attic Fan with 


ide panels tor ceiling mounti 


New dual-purpose attic fan is 
easy to stock, simple to install! 


We call our new Model CA Ventura Attic Fan iT PAYS TO STANDARDIZE ON 
dual purpose because it can be used for either 


ceiling or wall mounting in the popular 24-, 30-, THE AMERICAN BLOWER LINE! 
and SO-inch sizes 

lhe secret Ihe basic fan is available with side Attic Fans for comfort cooling at low cost in homes 
panels mad rubber cushion Strips — accessories which ipartments, hotels, Ratings certified; vertical or hori 
convert it from a vertical to a horizontal fan in zontal models 
a matter of minutes right on the job 

This dual purpose feature makes installation a Aeropel Home Ventilators for kitchen use, or small 
cinch — not to mention the big reduction in inven commercial ventilating jobs. Attractive design; quiet; 
tory it permits! Hardware and instructions are easy to install 
included with each side-panel set 

American Blower offers a complete line of tans Ventura Fans for efficient commercial and industrial 
propeller fans, home ventilators, utility sets : ventilation propeller type 10 to 72 inches. Certified 
a good reason why it pays to standardize on ratings 
American Blower 

Why not call our nearest branch today for full Utility Sets for general supply or exhaust duty. Ratings 


information certified; self-contained. Sirocco wheels, 3 to 36 inches 


dis 
/so*™ B, 


ay) 
AMERICAN eH BLOWER 


ee 


Division of Amencan - Standard 
AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN @ CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 
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ONE Complete SOURCE 


for the finest in 


ELECTRICAL EQUIPMENT 


for 


HAZARDOUS LOCATIONS 


EXPLOSION-PROOF « DUST-TIGHT 
VAPORTIGHT ¢ WATER-PROOF 


Design leadership, precision manufacture and rugged 
quality are three important features that make R&S 
electrical equipment for hazardous locations, the stand- 
ard of comparison. Made of materials of outstanding 
quality, by highly skilled craftsmen, R&S electrical 
equipment is known and respected by architects, con- 
tractors, designers, engineers and maintenance men in 
all types of industries. Electrical wholesalers prefer to 
list and sell R&S equipment because these products 
create prestige, satisfy customers and promote greater 
sales. Feature for feature, item for item, there is nothing 
finer for hazardous locations than the R & S complete line. 


If you are concerned with the proper application of 
electrical equipment to eliminate dangers in your haz- 
ardous locations, let R&S help you solve any problem. 


Sales Representatives in Principal Cities 


Fil & STOLL COMPANY, IN . 25 BARCLAY STREET, NEW YORK 7, N.Y 


RUSSELL & STOLL 


PRECISION-BUILT ELECTRICAL EQUIPMENT—SINCE 1902 
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TRANSFORMERS 


To change higher voltage distribution service 
to lower voltage lighting and power circuits 


SORGEL Air-Cooled Dry-Type Transformers 
are the most practical type for indoor installations 


Requiring no oil or liquid, they can be installed in almost any conven- 
ient place inside of buildings, without fire-proof vaults or other enclo- 
sures, and meet the requirements of the National Electrical Code. This 
eliminates the necessity of long runs of secondary feeders and reduces 
installation and wiring costs. 


SORGEL transformers can be installed at load centers, using higher 
voltage feeders, requiring smaller copper, increasing efficiency, im- 
proving voltage regulation and reducing losses. They require no 
maintenance or further attention after installation. 


Easy installation, easy connecting, rugged construction. 


15 to 50 Kva 3-phase 


wall mounting type QUIET OPERATION 


The sound level is well below the established standards. Be- 
cause of their quiet operation, SORGEL transformers are 
particularly adaptable for indoor installations close to load 
centers, and where low sound levels are an important factor. 


TYPICAL APPLICATIONS 


Sorgel Air-Cooled Dry-Type Transformers are used to: 


Operate 120 volt lighting and portable equipment from 
240, 480 or 600 volt power circuits. 


Change odd voltages to standard voltage. Phase changing. 


For high voltage interior distribution systems of 2400, 4160, 
4800, 7200, 13,200 and up to 15,000 volts. 











Tested and approved by Underwriters’ Laboratories 
under the Re-examination Service 





Complete line Stock carried by jobbers 


V4 Kva to 2500 Kva single phase in the following cities: 


New York, N.Y. Chicago, Ill 
h - ‘ 
1 Kva to 3000 Kva 3-phase, 2-phase, and Buffalo, N. Y Rockford, til 
phase changing Roxbury, Mass Rock Island, Ii! 
High Point, N Rich d, ind 
All standard voltages, such as 120, 208, Roleigh, N C c in tod, 
240, 480, 600, 2400, 4160, 4800, 7200, Philadelphia, Pa. Davenport, ta 


t Ty d Cincinnati, Ohio Cedar Rapids, ta 
$2,280 and up fo T5000 verte, end any Cleveland, Ohio Beaumont, Tex 
intermediate or special lower voltage Louisville, Ky Los Angeles, Col 











Also Special Transformers Consult the classified section 


of your phone directory, or 


oe and Saturable Reactors site dete Retin. 





Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 836 West National Ave., Milwaukee 4, Wisconsin 


0 years’ experience in the development, manufacturing and application of transformers 
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Solve Distribution Problems 
with SORGEL Substations 


“Packaged” Units for Indoor Installations 


Speeds Expansion and Earlier Production. The Substation is 
shipped complete in one or more factory-assembled units, on a sub- 


stantial steel base, completely wired and tested, ready for installa- SORGEL transformers are particularly adaptable 


tion and final connection. This saves the extra expense of buying 


separately the transformers, switches, fuses, insulators, circuit for indoor installations: in hospitals, libraries, 


breakers, and other accessories; thereby also saving the extra 


labor cost and trouble when assembling and connecting on the job. schools, institutions, office buildings, stores, 
Flexibility for Future Conditions. Being all self-contained in a and other structures where low sound levels 


single unit, the Substation can be readily moved from one location 


to another. are an important factor. 


Saves Copper. The Substation can be placed near the load cen 
ter, so that shorter secondary cables and smaller primary lines can 
be used. Improved voltage regulation and reduced line drop. 


Reduces Costly Power Interruption. By locating the Substation at 
or near the load center, it restricts the power interruption to that 
area, Other areas, not affected, can continue operation. 


Years of Continuous Hard Service. The rugged construction, 
liberal design, expert craftsmanship, sound engineering, all em 
bodied in SORGEL transformers, have given years of continuous 
severe service. 





Types. Either dry-type or Askarel-cooled transformers are avail 
able with any type or make of switchgear, or from any substation 
manufacturer. 














Engineered to meet 
your exact requirements 


Not necessary to design or change 
your installation to fit a “standard” ana P 


Sizes Up to 3 Kva. 500 Kva 13,800 volt Askarel-cooled SORGEL transformer, with 
All voltages up to 15 KV. primary liquid filled switch, secondary meters, and circuit breakers 
4 
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2000 Kva 3-phose, 13,200 volts air cooled dry-type transformer, with primary switchgear, metering and secondary breakers 
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Sales Engineers in Principal Cities 


SORGEL ELECTRIC CO., 836 West National Ave., Milwaukee 4, Wisconsin 


10 years’ experience in the development, manufacturing and application of transformers 
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Laytex® Royal Master Electrical Cords 


Portable grinder equipped with U.S, Laytex Royal 
Master Cord, Note that it must resist dragging over 
sharp metal edges and its extreme flexibility 


Hand-drilling hole in a braider. Note the high flexi 
bility of U.S, Laytex Royal Master Portable Cords in 
confined spaces 


“Before June 1954, we were repairing and replacing the 
electrical cords on our portable electric drills, wrenches and 
grinders every six months,” says the plant's chief electrician. 
“The cord jackets were easily bruised and weakened, or even 
cut, What with being dragged over the floor and around sharp 
intersections, any tape repairs didn't last long. Then, there 


were fire hazards and chances of blowout. 


“When U.S. Laytex Royal Master 
demonstrated to us, and installed, the problem was licked. 
The cords have a jacket that stands up under our most de 


Portable Cords were 


manding conditions—and even though their internal wires, 


Electrical Wire & Cable Department 


Electric wrenches equipped with U.S, Laytex Royal 
Master Cords apply studs to bottom base of braider. 
Cords resist chemical action of oil, white lead. 


“The answer 
to a plant 


electrician’s 
dream...’ say 


ig maker of braiding 


insulators and separators are heavily reinforced, the cords 
still have high flexibility. 

“Our men usually pick up the tools by grasping the cord as 
a handle, Standard cords pulled loose after a short time, be- 
cause of inability to take constant flexing, and support weight 
of 15- 25-pound tools. We've found that not one U.S. Laytex 
cord has pulled loose since installation.” 
U.S. Laytex Royal Master Cords are 
crowning achievement in portable cords 
Obtainable from your “U.S.” 


unquestionably the 
unsurpassed in 
perlormance and economy 
branch, your distributor, or write us at Rockefeller Center, 
New York 20, NY. 


United States Rubber 
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Made - to - order 


You asked for it. Here it is. ‘This issue contains the biggest single editorial 
project we have ever tackled I'he subject, “Modern Electrical Systems Design,” 
is one on which there was no comprehensive, practical manual available. Hand 
books cover the subject only briefly; textbooks academically; and trade literature 
is devoted primarily to product application. While such sources are valuable 
and authoritative, each in its own scope and objective, the task of bringing 
together basic data and considerations leading into practical systems design has 


not been, heretofore, achieved on a sufficiently comprehensive scale 


The need was obvious. ‘The crucial importance of good system design is 
recognized today in every segment of the electrical industry. But what is good 
design? For any one job there are probably several satisfactory systems. ‘The 
choice more often involves judgment than formula. ‘Therefore, there is a distinct 
and useful place for a practical, interpretive, published work setting forth the 
criteria of good design in the context of actual current practice 


There are many engineers well qualified to prepare such a project. But it 
takes large resources, much time and expert help to reach the printed page. Our 
editorial staff had several distinct, even unique, advantages: an unexcelled file of 
source literature, expert service facilities, and virtually daily, first-hand, contact 
through broad travel with actual and current electrical work in all parts of the 
United States 


About a year ago, we made the decision to proceed with the project. ‘The 
task was outlined in depth and assigned to members of the editorial staff who 
could bring to bear seasoned experience and sound interpretation. ‘The proceeds 
are brought together in the pecial report to vhich we have devoted most of the 
editorial pages of this issu 


Vhis project was literally made-to-order for the subscribers of Electrical Con 
struction and Maintenance and presumes that the reader is professionally or prac 
tically concerned with the subject. It is not intended as a text for untrained o1 
inexperienced persons A working knowledge of codes and regulations, construc 
tion practice, and of electrical material equipment and installation methods, 


is essential background 


For the editors, it has been an exacting and often difficult job. But we believe 
that the potential usefulne value and benefit of this work to you, the reader, 
are going to be worth much more than the cost and toil that it took to place it in 


your hand 


bm. VY Smt 
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Fat ‘ae ee? — 


With thousands of fixtures and lamps to choose from, you can be sure when you call Graybar. Trained lighting experts at Graybar help you 


f . ’ ev most efficient lighting equipment for every tomer secure precisely the right fixture and lamp for every ghting system 


When your customers need (SU@ LI UULUG 
--- call Graybar 


You hi a customer who needs a planned lighting system for a manu 
Write Graybar 


for your copy of 
“FEATURE FIXTURES 
for 56" 


facturing plant, a warehouse or an office. You could devote weeks to the 
tudy i ypes of lighting equipment now available. But there is ar 
to be sure of getting the latest information. All you need to 

ivbal 


That call will put one of Graybar’s trained lighting experts virtually n which ten specially selected 


on your own staff. Through him you can take advantage of the years quality lighting fixtures are 
: . 5 illustrated and briefly de 
pent in lighting research by dozens of manufacturers who are Grayba! 


scribed. Many of these fix 
uppliet tures are on display at 

W he I Ou ha ea customer w ho needs a scientine cher k ip ol his present Graybar locations across the 
lighting, or a specific lighting plan for an addition or a new factory, call country, and you and your 
’ , customers are cordially tr 
the nearest of Graybar’s more than 130 locations. You'll get impartial shah tis tiie ts a8 Sie 


recommendations on the lighting systems best suited to your customer’ nearest Graybar House and 
needs from the most complete selection of lamps and lighting equipment examine them at first hand 


available from ar ource janie 


CALL FIRST FOR 


GRAYBAR ELECTRIC COMPANY, INC., 420 LEXINGTON AVENUE, NEW YORK 17, NEW YORK, IN OVER 130 PRINCIPAL CITIES 














HIS special report has been prepared as a guide actual conductors, apparatus and hardware, selecting 
and reference source for designers of electrical types, sizes, models 


, characteristics, appearances, rat- 
systems. Although phases of electrical design 


iuigs and other specifics of the required equipment 
are covered in many books, booklets and magazine %. Account for the installation of the overall elec- 
articles, this report is a treatment of the complete trical system, as determined from the first two steps, 
art of electrical design. The presentation goes into within the physical dimensions and structural makeup 
design of complete electrical systems for a wide range of a building, showing, as clearly as possible, loca- 
of industrial, commercial and institutional buildings. tions and details of equipment mountings, raceway 
From specific electrical loads and the circuits to runs, connections to main power supply lines and 
serve them, down to connection to main power sup- whatever elements require special attention. 
ply lines, this article incorporates the many design 
considerations and relates all parts to the whole. 
Aimed at the ever-increasing need for modern 


Of course, these three steps are necessarily inter- 
related, and particular decisions made within any one 
step will affect corresponding elements within either 
electrical design data, this report covers accepted or both of the other steps. 
practice and emphasizes design trends which have As can be seen from the three steps, design of an 
particular merit. Over and above sound engineering electrical system is expressed in the form of electrical 
principles and intelligent conformity to the safety plans. 
provisions of the National Electrical Code, the basis sub-systems within the major system, should be re- 
for this report includes due recognition of substantial duced to a set of blueprints which present schematic 
spare capacity as an essential element of modern wiring diagrams, single-line diagrams, full-wiring 
electrical design. Following the table of contents hookups, riser diagrams, isometric and other sketches, 
given on this page, the material is presented within a detail drawings and equipment schedules—all as 
framework of three steps to design of any electrical necessary to convey a clear picture of the system to 
system, as follows: the installer. 


All phases of a design, including design of 


1. Select basic wiring concepts and configurations 


To complement the plans of any electrical system 
which will supply electrical power of the required 


design and to implement realization of the engineer- 

characteristics at each point of electrical utilization, ing concepts, a set of electrical specifications should 

including circuit and distribution designs which will be prepared (May 1955, Electrical Construction and 

provide satisfactory transfer of power from source to Maintenance). Together, plans and _ specifications 

loads to meet prevailing requirements. must fully and clearly instruct the installer in con- 
2. Implement the electrical circuiting concepts with structing the overall electrical system. 
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mm (INSTRUCTIONS 


General Considerations 


ONSTANT de 
and 


elopment of new 


better electrical equipment 


and rapid expansion in electri- 


make electrical de- 
thing. As 
modern 
light 


a continually 


cal utilization 


sign a dynamic a result, 
the 


systems 


electrical 
heat 
evolv ing 
New pattern of 


elements of 
for 


¢ 


are parts ol! 


power, and 


Tec hnology dis 


tribution, circuiting and equipment 


layout no sooner appear than they 


Progress brings 
lift 


systems 


undergo change 
slab con 
for 
fre 
other 


wiring techniques for 
struction, 480/277-volt 


commercial bDullding 


high 
quency lighting and 
applications and 
These de elopments in their 
the 


more design Vi li ons An 


many 
methods affecting 
design 
turn become source of even 
ever- 
expanding varie of wiring 


methods and one of 


equipment 1s 


the most t characteristic 
of modern 


Overall growth 


‘ 
ignincan 


electrical de ign 


n the use of ele 


trical power ha brought a wide 


choice tem voltages 


more type f } iited to 


particular requirements, 


increased andardization in 


equipment ty] and ra ivs whicn 


have proved be r particular ap 


plication gradual toward 


modular cabinet a ibhies of in 


terchangeable panel closer 


relation between equipment char 


acteristics and special application 


; 


requirements, dvance in ch- 


ELECTRICAL CONSTRUCTION AND 


niques and equipment for electrical 
control and greater appreciation for 
such system characteristics as ac- 
cessibility, flexibility, allowanc e for 
load growth, regulation and safety. 

Many electrical design techniques 
which only a 
trends 


few 
now 


years ayo 
firmly established 
These 
clude: distribution 

load substations, 
busway electrical 


were 
are 
as a cepted 


practices. in- 


primary with 
center complete 
systems in indus 


J 
trial plants, 480/277-volt power and 


light distribution systems in com- 
mercial buildings, low-voltage relay 
switching of the 


of all-electric ceilings in which elec- 


circuits and use 
trical wiring and raceways 


ried 


are Car- 
above a_ suspended-ceiling 
And other factors 


improvements 


lighting system 


such as recent and 


new developments in static type 
for providing large blocks 
power at near 100% 
the fast 


conditioning 


rectifiers 
of de 
s10n 


conver- 


efficiency, growing 


necessity of air and 


the application potential of electric 


heat are already influencing elec 


trical design method 
Because modern electrical design 
the product of years of accumu 
lating technology, the electrical sys 
tem designer must be 
with the 


design as 


thoroughly 
back 
well as new 
ing 


ivn 


familiar broad 
ground of 
techniques trends. 
is not a 


merely 


and promi 


Successful electrical de 
mechanical proposition of 


MAINTENANCE 


filling-in formulae and adding part 


together. It involves clear under 
standing of old, accepted technique 
and the why those tech- 
niques survived the test of years 
of application 
neering” 


and new 


reasons 


It requires “imagi 
in the combination of old 
viring techniques and the 
ability to devise original circuits 
layouts 
equipment applications. Only from 
an all-around grasp of the subject 


and for new or special 


can a designer exercise judgment 


in selection of circuit and feeder 
arrangements, equipment types and 
ratings and mounting and installa 
tion methods, 
fident, 
tem designer of today who will be 


molding 


In fact, it is the con 


imaginative electrical sys 


electrical designs of to 
morrow. 

Simply stated, electrical design 
for industrial, commercial and in 
a matter of 
providing for the transfer of power 
from a source 


stitutional buildings is 


(or sources) to vari 
This involves 


lay out of 


ous utilization loads 


election and circuits to 
feed the loads, a distribution 
tem to and suit 


serve the circuits 


able switching and protection a) 
rangements for the incoming powet 
upply lines. But before the actual 
design work begins, there are many 
which 
and understood in their relation to 
the contemplated design of an elec 


trical system 


factors must be considered 
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Pre-Design Factors 


Any electrical design must of 
course conform to the provisions of 
the National Electrical Code. The 
code (throughout the article, the 
word refers to the National 
Electrical Code 
ments, 


“eode” 


sets forth require 
recommendation 


and sug- 


and constitutes a mini- 
standard for the framework 
of electrical design. As stated in 
the 
concerned with the “practical safe- 
guarding of persons and of build- 
and their from 
arising the use of 
electricity for light, heat, power, 
signalling and for other 
purposes.” Although its relation to 
electrical design is in establishing 
the basic 
sential to 


gestions 
mum 
code is 


its own introduction, 


ings contents 


hazards from 


radio, 


minimum provisions es- 
safety, the 
not be taken as a design or installa- 
This is particularly 
in that the code provi 


code should 


tion manual 
important 
sarily consistent 


flexi 


sions are not 
with 
bility or adequacy in design 

A thorough understanding of the 
then, 
ecution of 
I he 


neces 


efficiency, convenience, 


code is essential to the ex- 


any modern electrical 


design electrical system de- 
signer must be with all 
the and the ac- 
cepted interpretations which have 
been placed on many specific rul 


ings of the 


familiar 


sections of code 


Again, however, 
used 


code 
only as a 
must not be re- 


the code must be 
guide; it 
the source of electrical 
Electrical must 
the skill, 
experience and imagination of the 
designer, 


safety 
yarded as 
design 
come 


design 
from engineering 
who uses the code only 


as a tool in shaping rough design. 


Load Growth 


One of the most important con 
siderations in design of any elec- 
trical system today is the allowance 
for growth in the load the system 
must handle. Although the 
contains an almost obscure recom- 


mendation that electrical plans and 
include “allowances 
for future increases in the use of 
electricity”, with 
rent electrical modernization prac- 
indicates that lack of spare 
capacity plagues existing systems. 
In all types of buildings, conduit 
risers are filled to capacity and the 
them are either 
loaded fully or overloaded. In most 


specifications 
experience cur- 


tice 


conductors in 
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commercial and institutional build- 


ings, the entire electrical system is 


at or near branch 
And 
in the majority of these buildings, 
modernization of the existing elec- 


trical 


saturation—in 


circuits, feeders and service. 


system to handle increased 
load demands is impeded by absence 
which nev 
circuits might be run. It is obvious 
that these 
trical systems did not account suf- 
ficiently for 

Modern electrical design, there 
fore, must carefully plan for future 
increase in 


of space in risers and 


overall design of elec 


future load growth 
la 


electrical utilization 
Depending upon the particular con 
installation, mains 


ditions in any 


switchvear, transformers, feeders 
panelboards and circuits should be 
sized to handle load 
growth Conductors should be 


the basis of carrying 


considerable 


elected on 


voltage drop and esti 


future 
wireway 


apacity, 
mated 
duit, 


raceways 


Con 
other 
allow 

And 


space used to house electrical equip 


requirements. 
troughs and 
should be sized to 
future increase in occupancy 
closets, switchgear 


ment—electric 


rooms, substation cages, riser and 
pipe shafts, ete should 
able to the addition 


of more equipment at a later date 


also be 


accommodate 


Service Characteristics 


Another 
which 


design 


considera- 
affects 
the 
characteristics of the power supply 
which will the building’s 
electrical system, The power supply 
either the distribution 
of the electric utility com- 
pany of a private electric generat- 


preliminary 
tion fundamentally 
procedure involves 
serve 


may be 
system 


ing plant. Of course, a utility power 
system is the most common type of 
supply to and plants. 
Purchase of energy usually repre- 
decided the 
cost of private generation of elec- 
tric energy within the building or 
plant. Of course, there are certain 
cases, such as paper and pulp mills, 
in which requirements for large 
amounts of steam make 
possible the use of excess steam 
for economical generation of 
energy. In such cases, the generat- 
ing plant may be operated in- 
dependently of a utility supply to 
the building or in parallel with it 
If the local generating plant oper 


buildings 


sents economy over 


process 


ates independently, part of the total 
electrical load may be connected to 
it and part to the utility system. 
Use of a generating plant in paral- 
lel with a utility supply must be 
checked with the utility company 
engineers. Selection of a parallel 
combination of power generated on 
the premises and power purchased 
from the utility depends upon 
favorably resolving such problems 
as the maintenance of synchronous 
operation of the two parallel sup- 
and the protection of both 
supplies against circuit faults and 
interruptions. 

If power is obtained from a 
utility line, the characteristics of 
the supply must be matched to the 
requirements of the building. 
Depending the voltage and 
capacity of the supply, one partic- 
ilar type of distribution is often 
suited to carrying the elec- 
loads in the building. Pur- 
power at utilization 
voltages indicates certain types of 
distribution; higher voltage serv- 
primary 
indicate their own types of distri- 
bution systems within the building. 
When different supply 
voltages are available, each should 
be appraised in relation to the 
various distribution methods which 
Consultation with 
the utility company about the type 
of service to select and the relation 
different services and in- 
distribution systems should 


plies 


upon 


best 
trical 


chase of 


and supplies also 


ices 


several 


might be used. 


between 
terior 
precede any decisions. And during 
the course of the design work at- 
tention should be given to the rules 
of the utility insofar as they might 
affect the system—such as power 
factor requirements and _ possible 
application of capacitors or syn- 
Once the 
general details of a power supply 
have been decided upon, actual de- 
sign—suitable connection to the 
power mains, method and layout of 
distribution and circuiting to loads 
be started. 


chronous condensers. 


can 
Occupancies and Loads 


The general design approach to 
any contemplated electrical system 
takes into account the 
building—small or large, single- 
story or multi-level industrial 
plant; high office building; apart- 
ment house; single-or multi-level 
school; hospital; etc.—-as this gives 
insight to types of electrical utiliza- 
tion, need for flexibility, acces- 
ibility of the system and the duty 


type of 
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cycles of various load 


many and varied « 


The 
onsiderations for 
locations 


devices. 


hazardous also serve to 
give direction to design approach 
From the approach, the 
mind of the designer should have 
selected many design possibilities 
which suit the particular building 
and rejected all methods and 
which are immediately 


not applicable. 


¥ so} 
generai 


have 


techniques 


In general, planning for design 
of an electrical system should begin 
with determining and studying the 
nature of the total load 

This means approxi- 
lighting loads on the 


size and 
to be served 
mation of 

basis of watts/square foot, analysis 
of number motors 
various the 
determination of 


and izes of 
served in areas of 
building and 
utilization loads 
their concentrations through- 
the building. Full 
loads—their 


application 


amount of other 
and 
understand- 
and 

is essential 
best type of 


out 
ing of all values 
points of 
to selection of the 
distribution system 

Maximum 
equipment type and ratings should 


standardization in 
always be a design objective. Selec- 
tion of standard supply voltage and 
standard values at all voltage levels 
i factor in 
rated transformers, 


is a economy 
that 


switchgear, motors and other equip- 


significant 


standard 


ment cost less than special equip- 
ment for tandard voltages. 
Lack of standardization in an elec- 
trical system complicates mainten- 


non 


ance in that replacement parts are 
not easy to get, inventory of parts 
high the 
efficiency of maintenance personnel 
is reduced, And the 


and equipment is and 
ise of special, 
volt- 
impair expan- 
the electrical 
system at a later date 


non-standard equipment and 


ayes may seriously 


sion or alteration of 


System Characteristics 


those 
five other particu- 
which should 
precede initiation of actual design 
work. These 


In addition to mentioned 
above, there are 


lar considerations 


concer! 


Capacity 


Accessibility 
Flexibility 


5. Safety 


] 
2. Regulation 
1. 


Capacity—lIn general, every elec- 
trical system should have sufficient 
the loads for 
designed, plus spare 
anticipated 
system 


capacity to serve 
which it is 
meet 


growth in the load on 


capacity 


the 


Electrical Construction Volume 
(BILLIONS OF DOLLARS) 


ANNUAL 
*EC & M ESTIMATE 





ESTIMATED 
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In particular, this means that con 
ductors and 
and 
sized liberally 
substations, 

switching 


raceways—conduit, 
must be 
for computed loads; 


transformers 


busway troughs 
and 


and protective devices 
must have the needed capacity and 
ratings. And 
throughout the branch 
should be reflected 


the entire electrical 


spare capacity 
circuiting 
through 


the 


back 
system to 
point of power supply 

Effective 
an electrical sy 


Regulation design of 
tem must provide 
maximum possible voltage stability. 
Careful attention must be given to 
factor 
on the one hand, and the resistance 


the load current and power 
and reactance of conductors on the 
other hand. To 


stability on 


assure maximum 
minimizing 
load 

must be 
the 


their allowable current-carrying ca 


feeders, 


voltage fluctuations due to 


changes, conductors 


elected not only on basis of 


pacity for safe temperature rise 


but also on the basis of voltage drop 
in the conductors themselves. Loca- 


tions of motors and machines in 
relation to the lengths of feeders to 
them duty cycles of load de- 


relation to load concentra- 


and 
vices 1n 

tions on individual feeders are 
factors in the determination of the 
best regula 
tion. The important objective is to 
keep the proper voltage at each and 


point of 


condition of voltage 


every utilization as con- 


stant as possible for any conditions 


of loading or system disturbance 


Accessibility Every electrical 


ystem should rate high in acces 
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sibility. In its final form, design 
of the aystem must provide ease of 
for mainte 
nance and repair and for any pos- 
sible modifications or 
alterations in the system. The sys 
tem raceways and 
equipment must allow for full use 
of its power handling ability. 
Flexibility—Depending upon the 
type of building 


access to equipment 


extensions, 


of conductors, 


industrial, com 
institutional—the 
trical system must be designed to 
provide required flexibility in 
tribution and circuiting 
and type of equipment should read 
ily accommodate changes in 
tions of 


mercial or elec 
dis 
Layout 


loca 
utiliza 
distribution 


motors and other 


tion devices. Feeders, 
panelboards and circuits should be 
suited to a wide range of utilization 
patterns, allowing full and efficient 
use of power capacity for activities 
in the building’s various areas 
Safety—Compliance with the pro 
visions of the National Electrical 
Code minimizes fire and accident 
hazards in any electrical design 
Safety in an system 
should apply to both personnel and 
Although the code as 
minimum 


electrical 


equipment, 


ures safety provision 

actual design work must constantly 
consider safety as required by ape 
cial types or conditions of electrical 
application. Incorporation of auto 
matic protective devices and sele 

tion of control equipment for 
application 


skill of 


above routine adherence to code re 


particular involve 


engineering the designer 


quirement 
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Branch Circuits 





N A WIRING stem, a branch 
that part of the 
tem extending beyond the final 


circuit is 


automatic overload protective de 
of the circuit. In its 
it consists of two wires which carry 


vice 
simplest form 
current at a particular voltage from 
the point 


of the protective device 
to an electrical utilization device 
devices. The 

resents the last 


of 
ization 


branch circuit rep 
tep in the transfer 
the service to util 


Although consid 


power from 


devices 


or 


and distribution 

emphasized in 
work, design of 
modern circuit arrangements is ex- 


eration of service 


methods is usually 
electrical design 
tremely important to successful de- 
ign of the overall electrical system. 
Thorough of the 
and application of modern 


understanding 
theory 
circuit techniques is assured by a 
breakdown and careful analysis of 
the factors involved. 

Design of branch circuits should 
take into account all of the general 





Transformer 
5@C ondary 
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Single-phase, 3I-wire E Zovlrar 


Three-phoase, 4-wire 
delta with one phase 
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( Thar ee- phase, 
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used witha 
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phase supply 

for lighting) 
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rated 480V/277 
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vo/fage spread 

vader local conditions 
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COMMON SYSTEMS SUPPLYING BRANCH CIRCUITS 
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light and power 
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three-phase 
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' light and power 
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120 volts 
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a. 
208 volts 


t—-- 


for 

three-phase 
power circuits 
and single ~phase 
light and power 
branch circuits 


/ZOvolts 


208 volts 


for 

three-phase power 
circuits and lighting 
circuits using 277- 
volt ballasts. 
120-volt lighting and 
receptocie /oods are 
fed from this system 
through single-phase 
transformers rated 
480/120-240 volts 
or three-phase 
transformers rated 
480/120 -208 volts 


' i) 
480 volts 


£ : 


480 volts 








NOTES: 
1. Other sy 


ore 


tem ntig } } 
derived trom the basi y hy 
quirements for load balan 
of less c 


feeds to 


mmon derivati 


j-wire branch c 
and power branch circui 


load 


circuit 
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208 
light 
supplying branch 


120 
supply t 


Such arrangements inciuce 


pen-delia three-phase 


transtormer 


hoc kup: 


m higt upplie 


CONSTRUCTION AND MAINTENANCE 


system frequently dictate the use 


considerations essential to provid- 
ing for modern load requirements. 
These include capacity, regulation, 
accessibility, flexibility and safety. 

Each and every branch circuit 
whether for power or lighting load, 
in commercial or industrial build- 
ings—should be sized for its load, 
with spare capacity added where 
possible load growth is indicated. 
Design should also provide for eco- 
nomical addition of circuits to 
handle future loads. Regulation of 
each circuit must assure required 
power capacity at full utilization 
voltage at every circuit outlet. 

Accessibility and flexibility are 
two important characteristics of ef- 
fective branch circuiting. In com- 
mercial and industrial buildings, 
shifting of load devices as a result 
of tenant changes, rearranging of 
office layouts, changes in produc- 
tion schedules or relocation of pro- 
duction lines is common. Circuits 
in such areas must readily accom- 
modate these changes and must al- 
low extensions of the circuits. 

Safety provisions in branch cir- 
Ad- 
herence to the provisions of the 
In 
providing circuits for special or un- 
usual utilization devices such 
might encountered in research 
laboratories or for not 
covered in the Code, the designer 
must call upon his own engineering 
skill and perception in providing 
effective control, grounding and 
protection for maximum safety. 

In general, modern branch cir- 
cuit design has developed from the 
trend toward higher distribution 
voltages. As a result, branch cir- 
cuits are short runs from strategi- 
cally located transformer or 
station load centers instead of long 
circuits from a central distribution 
center. The higher voltage is de- 
livered to the load center where it 
is stepped to utilization levels. 
Aside from the many advantages 
load-center layout offers to distri- 
bution, the use of load centers and 
resulting short branch circuits pro- 
vides better-regulated voltage sup- 
to utilization and 
minimum circuit disturbances due 


cuits are, of course, essential. 
Code will assure basic safety. 
as 


be 


devices 


sub- 


plies devices 
to load changes. 
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Modern electrical systems use 
three basic types of branch circuit 
systems to serve utilization voltages 
to light and power outlets. These 
are derived from the common sec- 
ondary distribution systems, as fol- 
lows: 

Single-phase, 3-wire system 
This is a commonly used system in 
small apartment and commercial 
buildings. Both lighting and single- 
phase motor loads can be served, 
although the system is limited to 
use only where motor loads do not 
hp. 240-volt 

circuits used for 
loads ; 120/240-volt 
circuits for lighting outlets, split- 
wired duplex receptacles and some 
power electric 
120-volt cir- 
receptacle 


exceed 5 
branch 
power 


Two-wire, 
can be 
3-wire, 


devices such as 
ranges; and 
cuits for lighting 
outlets. 


3-phase, 3-wire 


2-wire, 


and 


This is 
the common delta-connected second- 
ary system with phase-to-phase 
voltage of 240 or 480 volts between 
each pair of phase conductors. This 
system is where the motor 
load represents a large part of the 
total load. In some such systems, 
3-phase 3-wire circuits at 480 volts 
feed individual motor loads, with 
single- or 3-phase step-down trans- 
formers from 480 to 120 volts used 
to supply lighting and receptacle 
circuits. In other 3-phase, 3-wire 
systems, 3-phase motors are sup- 


system 


used 


a ee 


BRANCH CIRCUITS 


Two-Wire 


load 


line voltage (volts 


total connected (watts 


! current load on conductor (amperes) 


Three-Wire 


plied at 240 volts, with single-phase 
240- or 120-volt branch circuits 
taken from a_ grounded, center- 
tapped phase of the system. In still 
other systems of this type, powe1 
circuits may be taken from the 
higher voltage, 3-phase distribu- 
tion system, and the lighting cir- 
cuits taken from a separate service 
and distribution system in the 
building. 

This is 
the most widely used 3-phase sec- 
ondary distribution system. The 
most common use of this configura- 
tion is the 120/208-volt, 3-phase, 
4-wire system with the neutral 
grounded. With this system, a 
variety of circuits is available: 
4-wire, 120/208-volt circuits; 3- 
wire, 120/208-volt circuits; 3-wire, 
208-volt circuits; 2-wire, 208-volt 
circuits; and 120-volt 


3-phase, 4-wire system 


2-wire, cir- 


cuits. Such a system can serve a 
combination of power and lighting 
loads and offers flexibility for cir- 
cuit layout and application of utili 
zation equipment. Another 3-phase, 
1-wire, wye connected system which 
has gained rapidly in acceptance 
and application is the 480/277-volt 
wye-connected system called 
460 /265-volt due to the 
voltage Under certain 
conditions, this system offers more 
advantages and economy in com 
mercial building applications than 
the 120/208-volt system. The 
tem makes available three types of 
branch circuits: 480-volt, 
for motor loads; 277-volt, single- 
phase for fluorescent or mercury 
vapor lighting; 120-volt or 
120/208-volt circuits from 
down for 
circuits and miscellaneous 


(also 
system, 
spread), 


Sys 


4-phase 


and 
step- 
transformers receptacle 


loads. 


Lighting and Appliance Circuits 


Design of a lighting layout for 
any commercial, institutional or 
industrial building includes deter- 
mination of the required foot- 
candle intensity of lighting, 
selection of the general type of 
lighting—incandescent, fluorescent, 
mercury vapor or some combination 
of these, number of lamps per 
luminaire, number of luminaires, 





types of 
tails, 


mounting de- 
other 
specifics covered in the section of 


luminaires, 


wiring methods and 
this report which describes lighting 
design. 
design 


As a result of the lighting 


for a particular area, a 


known value of 
circuit 
value is 


required watts of 
capacity is This 
in determining the 
number of lighting circuits needed 


obtained. 
used 





LIGHTING & APPLIANCE 


CABLE ASSEMBLIES 


Flexible metallic armored cable 
Non-metallic sheathed cable 
Open wiring on insulators 

Mineral-insulated, 


330 


metal-sheathed cable 


Code Article 334 
Code Article 336 
Code Article 320 
Article 


Code 


Apply same formula as for two-wire branch circuit, considering 
each line to neutral separately. Use line-to-neutrol voltage; re 


sult gives current in line conductors 


Electric Range 
total connected load (watts 


2-Wire Circuit 
line voltage (volts 


total connected load (watts 


3-Wire Circuit 
voltage between outside wires (volts 
Ampere load on the neutral of a 3-wire circuit may be taken 
as 70% of that on the outside conductor 


Total connected load, or watt load, is the rated wattage 
of ranges or other cooking appliances up to 1% KW. For 
units rated higher than 1% KW, the value of watt load is 


determined from Table 29 of the National Electrical Code 
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RACEWAYS FOR STANDARD WIRE AND CABLES 
Rigid conduit Code Article 346 
tubing Code Article 348 
Code Article 350 

Code Article 351 


non-metalle 


steel and aluminum 
Thinwall electrical metallic 
Flexible metal conduit 
Liquid-tight flexible metal conduit 
ducts metallic and Code 
354 


metal floor 


Underfloor 
Article 
Cellular Code Article 
Code Article 352 


Code Article 353 


3 5 6 


raceways 
Surface metal raceways 
Multi-outlet raceway assemblies 
Article 362 


Wireways Code 


BUSWAYS FOR BRANCH CIRCUITS 
3651 and 365? 
2-, 3 


able in a wide range of sizes 


Code Sections 


and 4-pole plug-in and trolley busways are avail 
and types for lighting loads 


and such power loads as cranes, hoists, portable tools 


and high-cycle tools 


MAY, 1956 





Ceiling Wall 


O 
® 
©) 
© 


® 
o) 
© 


Ops Ops 


® 
WY) 
® 
© 


4) 
~® 


© 


© 
re) 
© 


-S) 


Oapn.cet 


. Ba.b.c.etc 
Sa.b,c,etc 


GENERAL OUTLETS 


Outlet 
Blanked Outlet 
Drop Cord 


Electric Outlet; for use only when circle used 
alone might be confused with columns, 
plumbing symbols, etc 


Fan Outlet 

Junction Box 

Lamp Holder 

Lamp Holder with Pull Switch 
Pull Switch 

Outlet for Vapor Discharge Lamp 
Exit Light Outlet 

Clock Outlet (Specify Voltage) 


CONVENIENCE OUTLETS 
Duplex Convenience Outlet 


Convenience Outlet other than Duplex 
1=Single, 3 =Triplex, etc 


Weatherproof Convenience Outlet 
Range Outlet 

Switch and Convenience Outlet 
Radio and Convenience Outlet 


Special Purpose Outlet (Des. in Spec.) 
Floor Outlet 
SWITCH OUTLETS 
Single Pole Switch 
Double Pole Switch 
Three Way Switch 
Four Way Switch 
Automatic Door Switch 
Electrolier Switch 
Key Operated Switch 
Switch and Pilot Lamp 
Circuit Breaker 
Weatherproof Circuit Breaker 
Momentary Contact Switch 
Remote Control Switch 
Weatherproof Switch 
Fused Switch 
Weatherproof Fused Switch 
SPECIAL OUTLETS 

Any standard symbol as given above with the 
ddition of a lower case subscript letter may 
ve used to designate some special variation of 
tandard equipment of particular interest in a 
pecific set of architectural plans. 

When used they must be listed in the Key of 


Symbols on each drawing and if necessary fur 
ther described in the specifications. 











PANELS, CIRCUITS, AND MISCELLANEOUS 
tae Lighting Panel 
EY Power Panel 


Branch Circuit; Concealed in Ceiling or Wall 


Branch Circuit; Concealed in Floor 
Branch Circuit; Exposed 


Home Run to Panel Board. 
by number of arrows. 
Note: Any circuit without further designation indi 
cates a two-wire circuit. For a greater number of 
wires indicate as follows: —///- (3 wires) 


HH (4 wires), ete. 


Feeders. Note: Use heavy lines and designate by num 
ber corresponding to listing in Feeder Schedule. 
SE Underfloor Duct and Junction Box. Triple System. 
ote: For double or single systems eliminate one or 
two lines. This symbol is equally adaptable to auxili 
ary system layouts 


Indicate number of circuits 


Generator 

Motor 

Instrument 

Power Transformer (Or draw to scale.) 
Controller 

Isolating Switch 


AUXILIARY SYSTEMS 
Pushbutton 


Buzzer 
Bell 


Annunciator 
Outside Telephone 


Interconnecting Telephone 
Telephone Switchboard 
Bell-Ringing Transformer 


Electric Door Opener 


Fire Alarm Bell 

Fire Alarm Station 

City Fire Alarm Station 
Fire Alarm Central Station 
Automatic Fire Alarm Device 
Watchman’s Station 
Watchman’s Central Station 
Horn 

Nurse’s Signal Plug 

Maid’s Signal Plug 

Radio Outlet 

Signal Central Station 


Of ebeekeeheegeescasous QNeoee 


Interconnection Box 


afofolil 

mceweee Auxiliary System Circuits 
Note: Any line without further designation indicates 
a 2-wire system. For a greater number of wires 
designate with numerals in manner similar to —-— 
12-No. 18W-3/4’C., or designate by number corres 
ponding to listing in Schedule. 

Ca,b,c Special Auxiliary Outlets. 
Subscript letters refer to notes on plans or detailed 
description in specifications. 


Battery 
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Number of Circuits 


The number of branch circuits 
required to handle the general 
lighting load is based on the total 
load to be served, the layout of the 
lighting outlets, the 
amount of load to be placed on each 
circuit and the capacity of the cir- 
cuits to be used According to the 
the number of circuits shall 
be not than that determined 
from the total computed load and 
the capacity of the circuits to be 
used. However, where a branch cir- 
cuit will be in operation for 
long periods general il- 
lumination in office 
offices, schools, hospitals, industrial 
plants and the like—the total load 
on each branch circuit shall not ex- 
ceed 80% of the rating of the cir- 
cuit. Although recom- 
mendations provide safety in the 


practice dic- 


system and 


code, 


less 


load 
Sud n as 


large areas, 


these code 


system, good design 
tates even more limited loading of 
lighting branch circuits to assure 
minimum voltage drop, efficient op- 
eration and spare capacity for in- 
Loading of circuits 
to half capacity is 


creases in load. 
a widely used 
and highly 

When 
vapor lighting is used on 
circuits, the presence of the induc- 
tive effect of the or trans- 
former creates a power factor con- 
of the 


load in such cases must be based on 


recommended practice. 
mercury 
branch 


fluorescent or 


ballast 


sideration. Determination 
the total of the ampere rating of 
the units 
of the lamps. 


and not on wattage 


In many cases, determination of 
required branch circuit capacity has 
detailed 
lighting layout. Then, the number 
and circuits for general 
lighting may be total 
wattage from a 
table of 
Ilumination 
Public Build 
for General illu- 
from Overhead Sources 
in Industrial Occupancies” 
table in “DISTRIBUTION” sec 
tion). Of course, known 
which exceed the loading indicated 
in these table 
design calculation 
In commercial institutional 
buildings, the lighting 
outlets must conform to the general 


to be made without a 
types. of 
based on a 
load obtained 
watts-per-square-foot 

“Standard Loads 
in Commercial and 


“Loads 


for 


ings” or 
mination 


(see 
loads 
take precedence in 


and 


layout of 


lighting plan, taking into considera- 
tion the 
and the type and 
to be used. Locat 
let V ill be 


lighting result 
ize of luminaires 
ion of lighting out 


accordingly 


required 


determined 


ELECTRICAL 


In general, spacing between adja- 
cent outlets should not exceed the 
indus- 
trial buildings, location and spac- 
outlets will vary with the 
vork being done, the size and archi 
tectural the 


these 


floor-to-ceiling distance. In 
ing of 


interior 
upon factors, 
less of the lighting load 
will be general lighting rather than 
lighting. 

outlets 
to the lighting plan 


features of 
Depending 
more or 
Again, location of 
must 


low al 


lighting correspond 


Basic Data 


The framework of lighting and 
appliance branch circuit design is 
given in Article 210 of the code 
As set forth in section 2101, the 
scope of this article covers “branch 
circuits supplying lighting or 
pliance loads or 
loads. If 
operated appliances, 
to any circuit supplying lighting or 
appliance loads, the provi- 
sions of both this article and 
Article 430 shall apply. Article 430 
shall apply if branch circuit sup- 
plies only motor loads.” Although 
Article 210 gives the general over 


ap- 
combinations of 
motors, or 


such motor 


are connected 


ot her 


all provisions for branch circuits, 
additional requirements and recom 


mendations on branch circuits are 
given in other articles of the code 
covering specific equipment, loads 
and systems. 

A branch circuit 
ing to the setting or 


is rated accord 
rating of the 
overcurrent device used to protect 
the Branch 
more than one outlet be rated 
at 15, amps. Al 
though the conductors used in a cir 
cult may carrying 


capacity higher than the rating of 


circuit circuits with 
may 
20, 30 or 50 
have a current 
the protective device, the rating of 
the the 
rating of the protective device 


circuit is determined by 


Circuit Voltage 


branch 
section 
circuits 


for 
presented in 


Voltage limitations 
circuits 

2113. In 
serving lampholders, fixtures or re- 
ceptacles of the standard 15-amp or 
rating are limited to a maxi- 
mum voltage rating of 150 volts to 
ground, Exceptions to this rule are 


are 


general, branch 


less 


as follows: 
industrial 

circuits supplying 

mogul-base, screw-shell lampholders 


a. In 
branch 


occupancies, 


only 


or other approved types of lamp 
holders may be operated above 150 
volts to ground, but not above 300 





Circuit 


Rating 13 Amp 


20 Amp 


30 Amp 





Minimum Size 


: +12 
of Circuit Wires 


+12 +10 





Overcurrent 
15 Amp 
Protection 


20 Amp 


30 Amp 





Outlet 


Devices 





Any 
Type 


Lampholders 


Any 
Type 


Heavy 
Duty 


Heavy 
Duty 





Receptacle 
F 15 Amp 
Rating 


20 Amp 


30 Amp 50 Amp 





Maximum = 
15 Amp 
Load 


20 Amp 


30 Amp 50 Amp 





Permissible ghting units 
load for ances 
circuits with two shall exceed 80% 
or more outiets 


(Individual branct 


circuits may 


rating 
appliances shall 


supply any load nq units of 
es are also 
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and/or appl f 


No portable appliance 


Total rating of 
not exceed 
50% of circuit rot ng 
portable app! 
supplied by 


zed lighting Fised lighting 


units in other units in other 


of circuit than dwelling than dwelling 


fixed occupancies or occupancies or 
fized 


oppiances or 


appliances in cooking 


f light any occupancy 


No portable ap fined range and 
plance shall ex woter heater, or 
eed 74 amp ntrared-lampir 
dustrial heating 
appliances 








more than 24 amps may not be con 


WIRES USED FOR BRANCH CIRCUITS nected to this type of circuit. 


CONSTRUCTION APPLICATION 50-amp branch circuits may 


erve fixed lighting units in other 








Single rubber-insulated conduc For general use in dry loca than dwelling occupancies, fixed 
tor with braided cotton covering, tions cooking appliances, fixed range and 
rated at 60 C maximum operat ater, or infrared lamp in 
ing temperature he t ng appliance 

CALLIN, apple ces 





Similar to type R, but has heat For general use in dry loca Requirements for branch circuits 
resistant rubber insulation, rated tions. Has higher current carry for grouped loads are covered in 


for 75 C operation ing capacity than type R Section 2127 of the National Ele 





¢ trical Code. As indicated, branch 
similar to type R, but has mois For general use in dry or wet : : , , 
circuits for lighting are limited to 
ture-resistant rubber insulation, locations. Has same current ca » fs 
a maximum loading of 50 amps 
rated for 60 C operation pacity as type R 
a Other limitations for general-pur 


RH-RW Combines types RH and RW; has For general use in dry or wet pose lighting and appliance circuits 
heat- and moisture-resistant rub locations. In dry locations, has are presented in Article 210 of the 
ber insulation, rated 75 Cin dry current capacity of type RH; in code Individual branch 
locations and 60 C in wet lo wet locations, has current ca 


cations pacity of type RW 





circuits 
may supply any loads. Excepting 
motors, this means that an indi- 


Similar to RH-RW, rated for 75 C For general use in dry or wet vidual piece of equipment may be 





operation in all installations locations, Has current capacity connected to a branch circuit which 
of type RH has sufficient carrying capacity in 





its conductors, is protected against 


c 
ingle plastic-insulated (poly For general use in dry or wet 


current in excess of the capacity of 
vinyl chloride) conductor; has locations. Has smaller cross 


high heat, moisture and corro sectional area than type R, but 


sion resistance, rated for 60 ¢ is held to the same conduit oc 
operation 


the conductors and in excess of 
150% of the rating of the individ- 
ual load, and supplies only the single 


an 4¢ > « . ‘ 
cupancy. Has same current ca outlet for the load device. 


t $s : >. ; 
——— pacity as type R Design of lighting and appliance 
RU, RUH Latex rubber equivalents oftypes Applications correspond to branch circuits for dwelling type 
and RUW R, RH and RW. Temperature rat types R, RH and RW 


ings correspond 








occupancies (hotels and apartment 


houses) should be based on a mini 





mum provision of one 20-amp, 2 
volts to ground, provided the light nently connected appliances, or (b) wire, 120-volt circuit for each 500 
ing units are mounted at least 8 portable appliances of more than sq ft of floor area, The number of 
ft above the floor and do not have 1,480 watts, or (c) portable motor circuits determined in this way will 
‘witch control within the unit it- operated appliances of one-quarter handle general illumination and 
self horsepower or greater rating may convenience receptacles spaced 
b. In industrial, commercial and exceed 150 volts.” every 12 linear feet around the 
institutional occupancies, branch perimeters of the living room, bed 
circuits serving only ballasts for Circuit Loading room parlor, library, den, sun 
mercury vapor or fluorescent lamps room and recreation room. At least 
may be operated above 150 to Code limitations on the use of one 3-wire, 20-amp, 120/240- o1 
ground, but not above 300 volts to branch circuits with two or more 120/208-volt circuit shall be pro 
ground, provided the ballasts are outlets are as follows: vided to serve the small appliance 
in permanently installed fixture 15- and 20-amp branch circuits load in the kitchen, laundry, pantry, 
mounted at least 8 ft above the may serve lighting units and/or dining room and breakfast room 
floor and the fixtures do not have appliances. The rating of any one of dwelling occupancies. This 3 
manual switch control as an inte portable appliance shall not exceed wire circuit is split-wired to con 
gral part of them 80% of the branch circuit rating venience receptacle outlets in these 
c, Certain electric railway ap Although fixed appliances may be areas and must have no other out 
plications utilize higher circuit volt connected to a circuit serving light lets. Of course, two 2-wire, 20-amp, 
ages. ing units or portable appliances, 120-volt circuits are equivalent to 
d. Infrared lamp industrial heat provided the total rating of the the 3-wire circuit and could be used 
ing appliances may be used on _ fixed appliances does not exceed In apartment houses and hotel 
higher circuit voltages as allowed 50% of the circuit rating, good rooms, all receptacle outlets rated 
in section 4237 of the code. The design provide eparate circuits 15-amp or les excepting air con 
requirements for circuits serving for individual fixed appliances. In ditioning outlets and those outlets 
electric heating devices are given commercial and industrial build on the kitchen appliance circuits 
in a later section of this report. ings, separate circuits should be are considered as outlets for gen 
“In dwelling occupancies, the provided for lighting and separate a imination and no additional 
voltage between conductors supply circuits for convenience receptaclk ncluded for ich 
ing lampholders of the screw-shell 30-amp branch circuits may occupancies, cil 
type, receptack or appliances erve fixed lighting unit n other it capacity must be provided for 
hall not exceed 150 volts, except than dwelling occupancies or ap ll receptacle outlets and outlets 
that the voltage between conduc-  pliances in any occupancy. Any in erving loads separate from gen 
tors supplying only (a perma dividual appliance which draws eral illuminatior 
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Specific limitations are placed on 
outlet 
Lampholders must not have a rat 
than the load to be 


served; and lampholders connected 


ode, the rat- 
irrent device devices for branch circuits 
iit shall not ex 
arrying capacity ing 
onductor. If a cir 
one appliance rated 


lowe} 
to circuits rated over must 
heavy-duty 
must have ratings at least equal to 
the load 


20 amp 
more, the rating of be Receptacles 


must not 


amp Ly pe 


ercurrent device 


of appliance rating On circuits having two o1 


circult 
For ¢ 
amps mu 
When 
moto! 
sions 
must be 
The 
ances 
outlet 3 
pliance 
application 
Table 29 


code € abli 


puting tl 
capacit 
pliancs 
ing, 200 
lowed for 
window, 


instead 


specified loa 


A capacit 


allowed for 


thereof oO! 


tinuous leng 


assemblic 
consid rea 
capacity 

is like ly 
ance 

each one 


onsidered 


amps ol 
lowed. 


ipplies only 
the provi 
the code 
ideration., 
load allow 
outlets and 
ny and ap 


certain 


10 of the 
for com 


anch e¢ircuilt 


cooking ap 


light 


ll dow 


must be 
fraction 
and con 
multi-outlet 
length 1 
of 1.5-amp 
where it 

of appli 
iultaneously, 
thereof 1 
and re 

5 amp 


dwelling 


Conductors and Ratings 


tablishe 


Vire 


ode ‘ 


; 


dictate 


minimum 


Ls or 20 


ure ot & 
» code mini- 


tne recom 


the 


the 


although it 


No. 10 
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CABLES USED FOR BRANCH CIRCUITS 





TYPE 


CONSTRUCTION 


APPLICATION 





AC and ACT 
(National 
Electrical 
Code, 
Article 334) 


metallic armored 
Rubber (AC) or ther 
(ACT) insulated 
conductors in wound and in 
terlocked steel armor cover 
ing, with bonding strip under 
armor 


Flexible 
cables 


moplastic 


interior 
except in moist areas or in 
block walls below grade 


For general wiring, 





ACV 


(NEC Art. 334) 


Flexible metallic armored 
cable with varnished cambric 
insulated conductors. 


For use exposed in dry loca 


tions in industrial areas 





ACL 


(NEC Art. 334) 


Flexible metallic armored 
cable with lead-covered con 
ductors 


For use where exposed to 
weather or moisture, for un 
derground runs, for embed 
ding in masonry or concrete 
or where exposed to oil, gas 
deteriorating 


oline or other 


agents 





NM 
(NEC Art. 336) 


Non-metallic sheathed cable. 
Rubber or thermoplastic insu 
lated conductors, with or with- 
out separate grounding con 
ductor, covered by heavy pa 
per wrapping strong 
braid 


and 


For interior wiring, exposed 
or concealed in dry locations 
Must not be used exposed to 
corrosive fumes or vapors or 
embedded in concrete, ma 
sonry, fill or plaster 





NMC 
(NEC Art. 336) 


Same as type NM cable ex 


cept that it has a corrosion 
outer 
non-fibrous material, such as 


resistant covering of 


neoprene or thermoplastic 


For interior wiring, in same 
ways as type NM, except that 
it may be embedded in plas 
ter or run in chase if a 1/16 
in. steel plate is provided for 


protection against nails 





Mi 


(NEC Art. 330) 


Mineral-insulated, metal 


sheathed Conductors 


highly 


refractory mineral 


cable 
insulated by 
pressed 


com 


and enclosed in 
liquid-tight and gas-tight flex 
ible metallic tube sheathing 


material 


For exposed or concealed use 
in dry or wet locations, under 
plastic, embedded in plastic 
finish on brick or other ma 
sonry, exposed to weather or 
moisture, underground runs, 
embedded in masonry, con 
crete or fill, in buildings in 
course of construction, or ex 
posed to oil, gasoline or other 
conditions not having a de 
teriorating effect on the metal 
sheath 





UF 


(NEC Art. 339) 


Underground feeder and 
branch circuit cable. Conduc 
tors may be plastic or rubber 
insulated, with an outer cov 
ering which is flame-retard 
ant, moisture-resistant, fun 
gus-resistant, corrosion-resist 
ant and suitable for direct 
burial in the earth 


For use underground, directly 
buried in the earth, as branch 
circuit cable, Multi-conductor 
type UF cable may be used 
as NMC cable, and may be 
used in wet locations 
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hed 














outlet 
follow 


Qn 1b amp cireul 


more receptlac le 


rated a 


amp 


On 20-amp 


rating 


amp rating 

On 380-amy reu 30 
amp rating 

On 50-amp ci -amp rat- 
ing 

The code 
both ac 


building and requires 


sibility of 


energy in a 


note 


the po 
using and ad 
ingle the use 
of attachment plug caps which are 


not interchangeable between ac and 
de receptac le 


All of the 


minimum standards for 


foregoing constitutes 
branch cir 
Actual design of circuiting 
begin vith these 


cults 


requirement 


Design Approach 


standard for 


appliance circuits are 


Design 
and 
at providing 


lighting 
aimed 
flexibil 


convenience, 


ELECTRICAL 


reli 

available 
the 
sufficient circuit capacity 


ity, operating efficiency and 


the 


assure all 


ability in using 


energy. To advan 
tages of 
plus spare capacity for load growth, 
modern design practice dictates 
separation of loads into known, ap 
proximated and unknown loads. As 
a result, general illumination is a 
whether derived from 


a detailed lighting layout, or devel 


known load 


oped from a watts-per-square-foot 
Number, 
outlets 


calculation. rating and 


layout of for general il- 


lumination can easily and accu- 
rately be apportioned among a num 
branch Such cir- 
with 


due regard to voltage drop, operat- 


ber of circuits. 


cuits can be carefully loaded 
ing cycle, possible increase in light- 
ing level in the future and required 
control 

Depending upon the type of oc- 
cupancy the interior is to 
be laid out from a work standpoint, 
outlets for and/or 


and how 


local special 


CONSTRUCTION AND MAINTENANCE 


MAY 


lighting 
mated 


units represent approxi- 
Such outlets are in- 
cluded in the overall lighting de 
sign, either as fixed unit loads o1 
estimated plug-in loads. Outlets 

either lampholders or plug recep- 
tacles 


loads. 


for such lighting units may 
be connected to general lighting 
circuits, provided with separate cir- 
cuiting or included in circuits al- 
lowed for plug receptacles. 

for 


careful 


Design of branch circuits 


plug receptacles requires 


determination of particular re 
quirements. The type and size of 
nature of the work 
will the 
best manner of handling plug-con 
nected For known 


individual or 


occupancy and 


performed there indicate 


loads. appli 
ances, multi-outlet 
branch circuits should be used, de- 
pending on the size of the load rep- 
resented. Automatic appliances 
should with 
separate circuits to isolate such ap 
pliances from the effects of faults 
or other disturbances in other load 


always be provided 


devices. Fans or heaters might be 
individually fed by branch circuits, 
grouped on their own branch cit 
cults or connected to receptacles or 
Of course 
the number of plug-in appliances 
will 


circuiting. In 


general lighting circuits 
in a particular greatly 
affect the 
plug-in devices should be supplied 


area 


general, 


from receptacles on circuits other 
than general lighting circuits. In 
this the relative loading of 
circuits be kept better 
control, and spare capacity can be 
more realistically 
sion of miscellaneous plug recep 
should be meet 
anticipated recep- 


way, 
can under 


allowed. Provi 


made to 
for 


tacles 
need such 


tacles. 
Circuit Standards 


the recommenda- 


tions made in foregoing discussion 


Summarizing 


the following are 
for 
branch circuit design. Of course, in 
practical 


of code sect ions, 


important standards modern 


many considera- 


cases, 
tions such as size of area or type 
of load devices will require devia- 
tion from the letter of these stand- 
ards. In the 
designer must use his judgment in 
assuring other 
sired characteristics of the circuits. 
For instance, a circuit having only 
exit lights has little need for spare 
capacity. General standards for the 


such cases, however, 


’ 


adequacy and de- 


majority of applications, however, 
are as follows: 
@ Separate branch circuits should 


1956 





lighting, 

s, for fixed 

appllian and for plug receptacles 
(renerally, enc 


automatic or fixed 


appliance snould be 


served by an 
individual eir 
@® Branch cit vith more than 
general light 
loaded in excess 


rrying capacity 
th more than 
plug recep 
loaded in ex 
Carrying ca 

pacity 
® Bra vith 
yutle ying heavy-duty 
loaded 


carrying 


more than 
one ¢ 
lampholde ! iot he 


in @xce tnelr 


capacity 


* Indiv if 
snou 


incn circults 


apacity 20° 


pare 


rr each five cir- 


ize used in 
uuld be No, 12 
be used in a 
should be 
that 
when 


run 
irger than 
loading 
irrent 
outlet 


over 
first 
from the 
ice to tne 
receptac le 

the size of 
hould not be 
may be larger 
the 
dis- 
load 


depending rating of 
actual 


the 


parti a ( a ne 


and 


rhting circuits 
a maximum of 

d on the cir- 
it voltage drop 
rrent protective 
let is under 1% 
panelboard loca 
ifficient number 


LO! 


avoid this prob 


I paneiboard iil 


iem of long nome runs 


Plug Receptacles 


ig outlets con- 
sho ild 
load 


one 


| 
circult 
amo int of 
cted oO any 
articular occu- 


connected loads 


ses fol 
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NOTES ON TYPE UF CABLE FOR UNDERGROUND CIRCUITS 


Service entrance 





—_——-;— 


Direct burial in earth 
cables without over 
current protective devices, 
such os service drop and 
service entrance, sholl be 
type USE 


Cobles 


All conductors fer single’ 

cables, including the neutral, 

for each service, feeder, subleeder 
or branch circuit shol/l be 
continuously in the same 
french or raceway 


run 


of one or 

more conductors for direct 
burial in the earth shail be 
type USE or type UF 


vercurrent 
protective 
devices 


cable 


branch circuit 


Feeder 


ial 








Direct burial in earth 
cables protected by over 
current devices may be 
a) type USE, or 
b) type UF 


Supplementary mechanical 
protection, a covering 
boord, concrete pad, raceway, ef 
may be required by the 
enforcing the code 


such as 


outhority 








the loads and 
When plug-con 
the 


indicate the 


lows directly from 
circuit capacities 
are not known, 


M ill 


to be provided 


nected loads 
type of occupancy 
ible appliance 


If the possible appliances are 


po 
ror 
devices, 


relatively heavy-current 


three outlet circuit 
the 


efficient 


A or 


per 
maximum number to 


and convenient use 


he circuit If the possible ap 


pliances are low-current devices, up 
outlet may be 
t without 
Of 


number of appliances 


vill 


con 
the 


course, 


to ten plug 
nected on the 
likelihood of 


ible 


circul 
ovel load 
tne po 
also 


He sed l! any area 
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affect the design of receptacle cir 
When 
for receptacle circuits arise 
into 


requirement 

afte: 
the 

panelboard 


cuits, special 
an 
the 


and extra capacity in 


tenants move area, 


spare circuits in 
the existing 
underfloor 


the 


raceways or 


offer 


system of 
ystem will olution to 
need, 

Number of plug outlets required 
different 
matter of easy or 
office buildings, 


pusine 


for occupancies is not a 
standard calcula 
tion. In yrowing 
dictates 
for plug 
eparate offices of les 


at leaat 


use of machines 


heavier load allowances 


outlets In 


than 400 1 ft area, one 
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3¢@ JP 6004 feeder cord 
buswoy 
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Beams 


stribution panel 4-504 
cull breakers 
e From main switchboord 


Brace 


YA Trolleys 


Ww poratiel to beams SA 


Trolley busway 
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TROLLEY BUSWAY DESIGN SUSPENSION DETAILS FOR 
TROLLEY BUSWAY 





TYPE OF 








TROLLEY BUSWAY serves as lighting branch circuit, fed from four 50-amp CB's in lighting panel. The panel is supplied from 
la wered from a tap to a busway feeder or subfeeder, The lighting fixtures are suspended from the trolley 


transformer secor 
busway, fr ceiling. The trolley busway is supported from ceiling, beams, messenger cable, or braces 


ipported 


4°24 wire troughs 
across /ab ceiling 


ceiling 


Detail “B” 
This side 
opprox 
same os 
other” 


Floor 


Side wail of lab 


Coupling pl... 


f 7 fste op F 
anchor alum End closing pl-~. 
“tp § strop 
onchor alum 


Y ft exo bon 


Top 
3px 8" cuts-----» 


Detoil a” Detoi! 8” 
Drop troughs to side or top Closing plote and coupling Section 
of lob benches co" ."¢" 


Plaster 


pecial design offer simple and effective routing of multi-wire or complex branch circuit or control con 
to wiring is required or desirable for changing of circuiting, specially fabricated sheet steel wire 


WIREWAYS of standar f 


In mary r here occess t 
ffer distinct advantages over any other type of raceway. This is particularly true for motor 


ductor 
enclosures with rer nels 


and control circuit 
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plug outlet should be allowed for 
each 20 linear feet of wall space. 
In each office area of over 400 sq 
ft, five plug outlets should be al- 
lowed for the first 400 sq ft of 
floor area and two plug outlets for 
each 100 sq ft of floor 
area or fraction thereof. The num- 
ber of outlets obtained in this way 
should be e distributed 
throughout the area. In 
rooms, common 


additional 


venly 
school- 
been 
to provide one plug outlet on the 
front wall of the and 
on the rear wall. In stores, 


practice has 


room one 
at least 
one plug outlet should be provided 
for each 400 sq ft of floor area or 
major fraction Plug out- 
lets for should be 
provided on the basis of particular 


thereof. 
industrial areas 
conditions in each case. 

Branch 


clude 


circuit must in- 
control of the 
supplying only 
plug outlets need not be controlled 
locally, although ich 
often desirable recommended, 
Control of the 
panelboard is a common and satis- 
factory 
pancies 


design 
provision of 
circuits Circuits 


control is 
and 
branch circuits at 
practice in 
But 


local control should be provided for 


many occu- 


in most o« cupancies, 


convenience and economy of opera- 
tion. Switching may be done at the 
circuit 


voltage or by low-voltage 


relays 
Layout on Plans 


Actual 
lighting 


for 
and appliance branch cir- 
cuits involves 
of plans fo. 


plans are usually 


design procedure 


working on a set 
the Such 
can 
work consists 


building. 

available or 
The design 
of using the foregoing information 
and whatever other 


out the 


be made 


is known 
oO itlets, 
Of 
upon a decision 
having been made as to the general 
and character- 
the 
‘anch circuits will 


data 
in laying circuit 


runs and control legs course, 


this step depend 


type of distribution 


istics and voltage of feeders 
from which the br 
be supplied 


quired 


The extent of plans re- 
the electrical 
upon the 
and amount of the 
the type 


for notating 


design will depend rela- 
tive complexity 
particular circuitry and 
of occ upancy involved 


The 


is to 


design 
ations of general 
n floor plans. This 
lighting outlet 


first step in circuit 
indicate 
lighting outlet 
layout of yeneral 


is part ol! 


lighting design 
As follow-up to this part of the 
work, the f each outlet is 


determined, the total load 


verall 


wattage 


is deter- 


CODE REQUIREMENTS ON THE APPLICATION OF 
277-VOLT LIGHTING UNITS ON 480Y/277V SYSTEMS 
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pee sl 


not be integra/ 
port of fixture 














Electric discharge /amps 





st | ~ (Slimline, fivorescent, etc. } 











| , Fixtures shal/ be permanently 
¥ installed 





Fixtures shall be mounted 


‘ 


J ot least 8'-0" above floor 


eh mans nei 
i 
i 
f 


, 
‘ 


LARGE- BLOCK CONTROL 
FOR USE IN LARGE 


wae eveeve) 


~s. /nstallation may be made as shown 


for fixtures only, in 
|. Industrial plants, 
2. Office buildings, 
3. Large schoo/s, 

4. Lorge stores 


OF 277-VOLT LIGHTING 
INDUSTRIAL AREAS 


FOR SINGLE~POINT CONTROL OF LARGE 
LIGHTING LOADS (Up to [5 kva) 


! 
Combination : s 
fused switch ‘ 
and magnetic 
contactor 


Fuses serve os 
bronch circuit 
overcurrent ¢ Nevtr 
protection ; 


i 
t 


the 
is selected. Then the local or special 
lighting outlets indicated. 
These include: corridor lights, exit 
lights, entrance 
lights, 
lights, emergency lights 
other known lighting outlet re- 
quirements. Of course, in the de- 
sign of many commercial and in- 
dustrial buildings, the specifics of 


mined and number of circuits 


are 
washroom 


lights, 


closet lights, stockroom 


and/or 


lighting requirements may not be 
known until after it is known what 
type of work will be performed and 
tenants decide upor working 


ion of 


circuits in 


their 
layout. In such case 
sufficient capacity 
the panelboard is the initial limit 
of circuit design work 

After laying out lighting outlet 


provi 


and 
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Subfeeder to contactor from distribution 
ponel-480Y/ 277 v, 4-wine 


i{e/20v operating coil circuit 


(Operating coil circuit 
moy be hooked up for use 
of a pushbutton here) 


oy 
"277 v Fluorescent 
lighting units 


Operatin 


Togg/e switch 
coil 4 


the 
convenience 


next usual step | to indicate 
and 
the 


upon the occupancy, receptacle cir 


spec ial 
plan 


receptacle 
outlets on Depending 
run in conduit to wall 
outlet 
lab 
the 
underfloo 
floor 
com 


cults may be 
column-mounted 
the floor 
the ceiling, o7 


mounted or 


boxes, fed up from 


or down from 


circuits may be run in 
metal 
the 


rec eptac le 


cellular 
latter 


handling 


raceway or a 
rhese 


ways of 


system are 
mon 
modern office and othe 

When recep 
inted the hould 
vith 


pacing be 


circuits in 
commercial area 
tacles are wall-mo 
be evenly 
the 


tween adjacent outlet 


paced in accordance 


limit of maximum 


The unde 


floor systems offer more uniform 


throughout 





LIGHT AND POWER BRANCH CIRCUIT LAYOUT SERVED FROM 480Y/277V SYSTEM 


Fi lg 
ates | ,Olstribution pane/ 
+ ai circuit breaker type 
4 480Y/277v F-phase, 
4-wire 


Ld 





- 
Motor subleeder - 
| - 


‘ 48Ov 4-wire subleeder 
Single phase dry-type 


O/stribution transformer , Sub-dist-ibution pane! 

4980-240//20v /Oor / with current-limiting fuses 

/Skv0 277 v,3 phase, 4-wire 
with solid neutral 


Comb. fused ; — 


sforter 27 7v lighting branch circuit 


Vent. fon Control relay or contactor using /20v 
motor 


* 
a} A . 
/ Fixtures 
Sub- distribution pane! for plug 27 7-24y eaures 4 
outlets and incandescent lighting 
24OMZOv 3-wire with solid neutral 


A A A f vorescent ighting 
transformer for ising 277 v ballasts 
relay switching 


of 277 v circuits 
A + A 


Motor branch circuit 
| 
t 
i 
| 
| 


an area. Of course, the general con and corresponding wattages on the lated to voltage drop and the need 
truction of the building—archi plans, the number of circuits is the for spare capacity in the circuit 
tectural features of the area, type next determination. As discussed for possible future increases in 
of floor slab construction—will previously, circuiting to these out load. Each lamp, appliance or other 
affect the way the circuits are run lets may be done in many ways. utilization device on the circuit was 
and the locations of outlets. On Combinations of general lighting, designed for best performance at a 
the basis of careful selection of the local lighting and appliance loads particular operating voltage. Al 
number and types of convenience or motor loads can be connected to though such devices will operate at 
receptacles for general loads and a single circuit if particular con- voltages on either side of the design 
pecial receptacles for known loads, ditions require. But separate cir- value, there will be generally ad 
layout of the outlets must conform  cuiting of load types wherever pos- verse effects due t 


t 


») Operation at 
to any known locations of load de- sible is recommended practice. voltages lower than the specified 
vices, allowing even spacing of con- Makeup and loading of circuits value. A 1% drop in voltage to an 
venience outlets for general (un should follow previous recommenda-_ incandescent lamp produces 
known) plug-connected loads. Spe tions. a 3% decrease in light output; a 
cial attention should be given to 10% voltage drop will decrease the 
receptacle circuits serving individ- Voltage Drop output about 30° In heating de 
ual loads. Fan and clock outlets vices of the _ resistance 


about 


element 
hould also be determined on the In laying out circuits, the load type, voltage drop has a similar 
basis of special analysi ing and lengths of home runs and_ effect on heat output In motor 

From the indications of outlets runs between outlets must be re operated appliances, low voltage to 


TWO TYPES UNDERFLOOR RACEWAY SYSTEMS FOR BRANCH CIRCUITS 
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TABLE |. SINGLE-PHASE AC LOADS 
115/230 Volts, 60 Cycles, 100% PF 





WIRE SITE—CIRCULAR MLS | WIRE SITE—B AS or AWE 





T — r T T «2 oe 
s00| 400] 350] 200] 250| «/o|a/olzoj10} 1] 2}a]4| 6 





1106 | 898] 7as| 669! 558) 475] 378) 299] 239/198) 150/119] 94 | 59 
885] 719| 63¢) 535| 447| 380) 303| 240| 191) 150) 120) 91 | 75 | 47 
+ + + ; + + + + + + + - 
737 | $99) $25) 446) 372) 317 | 252| 200) 159 | 125 | 100 ” 62 ” 
632} 513] 450) 382) 309/ 271 | 206| 171) 136] 107| 86] 68 | 53 | 34 
$53| 449| 394| 334/ 279) 238| 199| 150| 119| 94) 75) 59) 47 
491 | 399) 350| 297| 248) 211| 168/ 133/106) 63 $3 | 42 
But hs RN Gb ie? 

442| 359| 315| 267 | 223 151} 120] 95) 75 47 

402 | 327) 286 3,17 109 | 87 | 68 
BRR RRR ee 

369 | 299| 263 100 63 

340 | 276| 242 172 | 58 
—+— + + ; ; + - 
316) 257) 225 

295 | 240| 210) 17 

276 | 225| 197 
260 | 211 | 185 

+ + 
246 | 200| 175 
_ 233 189 | 166 
22) | 180| 157 
211) 171 
Baek 
220 | 20) | 163 
a 192 

240 | «1164/1 } } ‘ 

250 | 177 07 per resistance of 12.5 ohms 
Be | 

20 | 170 103 per CM-ft at 5OC (122F). 
270 | 164 7 ; 
200 | tse | i201 0121 Reactance and impedance 
290 | 152 
baad } 
147 











" 





Calculations based on cop- 


losses calculated for each 
wire. 

Conductors closely grouped 
in metallic conduit, : 


TABLE Ill. BALANCED LIGHTING LOADS 

3- and 4-Wire, 115 Volts 1% drop from supply cabi 
net to first outlet supplying permanently connected 
appliance or fixture 





AMPERES (A), WATT TH ¢ CONDUCTOR (C), FILLS (F) 
T T — 


MALIMUM CONTINUOUS LOADS 
T 


OVERCURRENT | 
Ciecytt D%, F y 100% F | 8O%F | 70%5 
PROTECTION 2 D eC | 239C 46C | 7-9¢ 
2A 96a 8.4 Amps 
1360 W o4w 966 Wotts 


A 
6a 28A 112A 
840 W 472 17880 
AD Tw FEET F DRO 1 AND 4 WiRt ¥. CRCUITS 
AMPERE C 2? wirt | wid wiet 
! 5%6 4 
2 298 188 
198 
48 


120 


Calculations based on 
copper resistance of 13 
ohms per CM-ft at 60C 
(140F). 








TABLE II. 3-PHASE DELTA AC LOADS 
230 Volts, 60 Cycles, 85° PF 


AMPERE| WIRE SIZE—CIRCULAR MILS WIRE ZEB ES or AWG 


0ad T- 1 T Y T T T 
. 300 | 00 | 350 | 300 | 250 vols 0l2. 0/10] 








—+ + 
40 | 710 | 625 | $84 | $30 | 475 | 429 | 364) 303 | 253 | 208 | 173 | 139 


50 $68 | $00 | 467 | 424 | 380 | 343: | 29) | 242) 2 vo? [139 | 01) 
- + ; 7 > ; ; ‘ 
60 473 | 417 | 389 | 353 317 | 286 | 243) 202 199 | 115 | 93 
70 | 406 | 357 | 333 | 303 | 271 | 245 | 208) 173 119 | 99 | 79 
— - ; + ‘ ; ; ; ; 
60 355 | 012 | 292 265 | 238 | 214 | 162) 151 | 127 | 104 | 67 | OP 
90 316 | 278 | 259 | 235 | 201 | 19) | 162 | 194 93 | 77 | 62 
— - ‘ ; + _ > ; ; ; + 
100 284 | 250 | 233 | 212 | 190 | 172 | 146) 121 83 | 69 | 55 
110 | 258 | 227 | 212 | 199. | 173 | 156 | 132 7) 
120 | 237 | 208: | 195 | 177 | 158 | 143 | 121 | 101 | 58 
— —~+~— . + + + + ; ; 
190 216 | 192 | 180 | 163 | 146 | 132 9) 7 64 
140 | 203 | 179 | 167 | 151 | 136 | 123 i) 
_ - + + + + . 


+ 
150 109 | 168 | 156 | 141 | 127 | 114 7 0 


160 7 156 | 146 132 | 119 | 107 Me 


~¥70 | ver | da7 | 037 | 025 | 002 | 101 nN 
100 168} 199/130 | 118 | 106) 95 6) 
b—_- —-+— + + + + + + 

190 | 1491132 |123 |112 |100 | 90 
200 | 142/125 /117 | 106) 95 | 86 
— --+— + . + + 

210 195 | 119 LTT 1101 | 90) 82 
220 179 114/106 | 96) 86! 78 
= = + + + ’ 4 
230 | 123 | 109 a3 | 75 
240 118 | 104 
aA 4 

250 114 | 100 

260 | 109| 9% 
s..4 4 

270 | 105 | 93 

280 | 101 | 89 

290 98 | 86 

300 95 | 83 
a | 

a0 | 92 8) 

320 | 89 | 78 

330 a | 76 wire. 

340 83 | 73 
S..28 

350 rT 

wo | 79 Conductors closely grouped 
70 i 
380 75 


; 


5 


5 


Calculations based on cop- 
per resistance of 12.5 ohms 
per CM-ft at 50C (122F), 


Reactance and impedance 





losses calculated for each 


in metallic conduit, 











NOTES: 
TABLE |: 
Balanced 3-Wire Loads: Drop is 1.15 
volts for given length. 
2-Wire, 230-Volt Loads: Drop is 2.3 
volts for given length. 
TABLE Il: 
For 208-volt, 4-wire ‘‘Y"’ feeders mul 
tiply given length by 0.9 
For 230-volt, single-phase feeders mul 
tiply given length by 0.85 
For 460-volt, 3- or 4-wire feeders mul 
tiply given lengths by 2. 


For aluminum wire multiply given lengths 


by 0.7 or use length of copper wire 


which is 2 sizes smaller than the alu 
minum size under consideration 
TABLE Ill: 
For 2-phase, 3-wire circuits tapped off 
a 3-phase, 4-wire ‘‘Y'’ service, mul 


tiply given lengths by 0.67 
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COMMON BRANCH CIRCUIT PANEL BOARDS AND TYPES OF CIRCUITS PROVIDED 
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panelboard may therefore only con 
the majority 
however, the advantages 
CB control of 

panelboard dictate 
the panel- 
In fact, commercial and in- 


tain fuses. In great 
of cases 
of switch or 
the 
against just 


board 


each 
circuit at 


fuses in 


dustrial 
the 


used as the only control of the cir- 


practice frequently finds 


panelboard switches or CB’s 
cuits. Panelboards may be equipped 


with a main switch feeding bus in 


Two-Wire DC or Single-Phase: 


Total connected load (amperes) = 
above. At least 10 amperes should 


ance circuit 


Three-Wire DC or Single-Phase: 


the board. This single switch pro- 
vides simultaneous disconnect of 
circuits from the feeder. 

To supplement the allowance of 
spare capacity in the branch cir- 
cuit design work, spare circuit 
capacity should be allowed in panel- 
boards. As recommended previ- 
ously, one spare circuit should be 
allowed in the panel for each five 
active circuits. Inasmuch as panel- 


boards are made in multiples of 


sum of branch loads, as determined 
be allowed for each spare or appli- 


Same calculations apply as for Two-Wire Panel, applied separately to 


each side of panel. 


Four-Wire, Three-Phase: 


The load on any bus, except the neutral, is computed the same as for a 


two-wire panel 


that of the most heavily loaded 


Usually, the load on each of the four busses is taken as 
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MAY 


four switch-and-fuse units or ci 

cuit breakers, provision of the spare 
circuits can often be made without 
using a panelboard larger than re 
quired for the active circuits. When 
spare circuits are provided in flush 
type panelboards, the required con- 
duit capacity to wire these circuits 
should be provided to avoid future 
tearing out of the wall. This may 
consist of empty conduit runs to the 
ceiling and floor, 
outlet 


terminated in 


covered boxes, design of 


spare capacity in other 

serving the branch circuit 

from the panelboard, etc. 
General 


raceways 


load 


standards for 
selection and layout of panelboards 
are as follows: 

No more than 


design 


42 branch circuits 
may originate from a single panel- 
board, 

No 
board 


branch circuit in a_panel- 
should run more than 100 
feet to the first outlet of the circuit. 

All panelboards should be readily 
accessible. 

Panelboards should be placed as 
near as possible to the center of the 
load they handle. 

If circuit from the 
panelboard is desired, a switch-and- 
CB panelboard must be 


switching 


fuse or 
used. 
locations should be 
selected to conform as much as pos- 
sible to the routing of feeders, as- 
suring shortest possible 
runs and minimum of bends. 

Every panelboard must have a 
rating not less than the minimum 
feeder capacity required to serve 
the load as determined from Article 
220 of the code. 

At least one lighting and appli- 
branch circuit panelboard 
should be provided on each active 
floor of the building. 

When lighting and appliance 
branch circuits, with their control 
and have been laid 
out, a panelboard schedule should 
be made up and included in the 
plans and_ specifications. This 
schedule should give some code let- 
ter designation to each panelboard 

such as Lia for lighting panel 
“a” on the first floor, L2b for light 
ing panel “b” on the second floor, 
and should tabulate panel 
locations, number and size of cir- 
cuits in each panel, type and rating 
of circuit protective devices, ca- 
pacity of mains, size and type of 
main protection and disconnect and 
any pertinent remarks about each 
panelboard which might clarify 
design intent for the installer. It 


Panelboard 


feeder 


ance 


panelboards, 


ete, 


1956 











HIGH-FREQUENCY BRANCH CIRCUITS FOR FLUORESCENT LIGHTING 
AND FED FROM PANELBOARD 


DERIVED FROM CONVERTERS 


h phase leg of each generator 
enter - tapped 
phase conductors are 
volts above ground, with 
vo/ts between each pair 
hase conductors 


and grounded 


Ov 


3-»,3-wire,208v 


Y 
4 pe ¥ 
ist cente ‘ a 
WEE CO (2Ov lights-/@ | 
7 
4 6 cycrk 208 | 








/ntegral 
v motors 34 
3-/@ chts N 


oOwire 


stribution layout 





5 


— 


Sis 


Generator x 


eC @8 @A 


A @68 4 


Generator Y¥ 


} 


Section lighting panelboard with |5- amp,600 v, 2 


circuit breakers 


ey 


ARE 


) 


35 luminaires of 40% 
cycle lighting ore supplied 
in conduit by 2- wire 
No. /2 600 - volt 
branch circuits from 
both sections of 
stondard C8 
pone/boord 


Luminaires ore 
supplied at 600 volts 
but the maximum 
vo/fage fo ground 

is 300 due to 
grounding af generators 


This complies with 


code requirements 
(section 2//3) 


pole 








LIGHTING PANELBOARD SCHEDULE 


Pone Branch Circuits 


Designat 


ELECTRICAL 


Mains 


Cet. (225 
A Ber A2 


NEMA 
r 


| 


NEMA 


; ; 
NEMA 


NEMA 


; 
NEMA 


CONSTRUCTION AND MAINTENANCE 


; 


; 


; . Service 
9 ° : : ‘ No. Active | No Spores | Total No. | Poles | Trip Calibr Type | Cap | Phase | Feed 
‘ + 4 + + - ¢ _ ’ 


’ Remarks 
Voltg 


4-300 


MCM “1208 


onnect to fusting 
SwWire feed 





4 No 2 
4Nno6 


4No0 6 





hould be noted that the code de- Overcurrent protection for panel- devices rated not greater than the 
fines a lighting and appliance boards should be carefully con- amp rating of the panelboard. 
branch circuit panelboard as one sidered. A lighting and appliance In the illustration shown below, 
having more than 10% of its over- branch circuit panelboard which is_ the panelboard serves both lighting 
current devices rated 30 amps or fed by a feeder protected at more loads and receptacle and miscel- 
less, for whi wutral connections than 200 amps, must be protected laneous motor and signal loads on 
are provided on its supply side by overcurrent separate circuits. 








SCHEDULE ~LIGHTING PANEL “A a6O-—- 
No |Wotts Wotts Remorks t 
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Ltg Reception Rr } b : 
osets ond 0.5 | Prin Off. 
Work Rm >> =- 
Principal's ond Nurse | A6 AG 
Heods. Htr Rm ond Fons 
Rec Nurses Room j AG 
4 Reception Room | +) 
*~|5A-2P at 
Rec Work Rm | V2 Hp PC. 
- Motor | 
P A. Syster 
ntercom System } 
Clock, Bell € F.A System 
2OA Recep’s — Snack Bor | Reception 
JO, |5A Snock Bor & Outside | R 
500, 20OA Recep Snock Bor | rX:) 
500 2OA_ Receps Work Rm 
000. 15 Spore 
O00 | | 
f 
j!0 10) ’ ’ 
lotais '7850'7050 
Main lugs only 
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GENO 


rescent fixtures 
Opital letter and number in 
| dicate panel and circuit num Floor Plan-Light and Power 
Aa ber per schedule. Lower cose 
—al /effer corresponds fo letter Switch -lower cose letter indi CIRCUITING DESIGNATIONS 
on switch controlling unit . ) cates lighting units controlled ’ 





by switch One circuit, two wires,£ conduit 


| Ouplex convenience receptocle 
letter and number show pone/ , 
) n motor i” r 
nd uit é Fo ° —>+— Two circuits, three wires, 5 ¢ onduit 


——e Concealed branch circuit home run —P— Two circuits, four wires,2 conduit 


indescent lighting fixture 4 
etter , 


le gives fixture type Concealed branch circuit conduit —_—p—— Two wiles conduit 


from fixture schedule, AZ gives d 
circuit, @ indicates | ——-=» Underfloor bronch circuit home run —>— Three wires 
wilch trolling tf and 100 


ft wattage —=—— Underfloor branch circuit conduit —>— four wires 











GRAPHICAL INTERPRETATION of electrical design involves the indication of types of electrical equipment on scaled representa 
tions of the building areas served by the equipment. The indications include the wire and raceway interconnections among the 
various elements and must convey all of the design concepts to the mind of the installer who will work from the plans. The above 
illustration shows the branch circuiting for a small school building with an outside covered eating area. A legend clarifies the use of 
ymbols and a schedule of the panelboard serving the circuits shows the various loads. For the lighting circuits these loads are 
known from the lighting design which established the number and ratings of the various lighting units. For the Y2-hp motor on 
circuits 8 and 10, the 1d is known. For receptacle circuits, loads are determined either by allowing | 2 amps for each outlet or by 
using load figures for known or estimated ratings of appliances. Rating of overcurrent protection for the branch circuits is given 


under REMARKS } dule 
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There are three categories of hazardous locations 


Class | — lo 


present in the aw im quantities sufficrent 
ignitible mixtures 

Class ll 
combustible dust 
Class tl 


easily ignitible fibers or flyings 


Locations wh 


Locations 


not likely to be in suspension in air in quantities sufficient to produce 


ignitible miatures 
Each 


s1ons 


ass of hazardous location is further 


Division 1 Locations where the hazardous condition is continuously 


present 
Division 2 
present but 


Locations 


Various atmospheric mixtures have been grouped on the basis of their 


hozardous choracteristics ond serve to 
locations 


Group A 
Group 6 


Atmosphere containing acetylene 
Atmospheres 


equivalent hozard such as manufactured gases 


Group C 
cyclo- propane 
Group D 


zine, butane 


Atmospheres 


Atmospheres containing gasoline 


propane, alcohol, acetone 
or natural gas 

Group §€ 
magnesium 


Group Ff 
Group G 


Atmosphe fes containing metal 


and their commercial alloys 


Atmospheres containing carbon 


Atmospheres containing flour 


ations in which flammable gases or vapors are or may be t 


fo produce explosive or 
ch are hazardous because of the presence of 
which are hazardous because of the presence of 


but in which such fibers or flyings are 


subdivided 


in which the possibility of explosion or flash fire exists 


further 


containing hydrogen, or gases or 


containing ethyl-ether 


hexane 


benzol 
dust 


black 


starch of grain dust 


Class | Locations 


Division 1 Wiring 


unacthon bones 


and 
plosion proof design 
from 


have sealing fittings 


sparks arcs of 


high 


mn each conduit run 


into two divi 


fitting hous 


f " the enclosure 


duit and box 


in which the hazardous condition is not always 


visror é 
ally the same 
or electrical 


5015, b 


classify hozardous 


Class tt Locations 
vapors of 


Wiring ma 


fittings and bones 
vapors, ethylene or 
ri Wir 


naphtha, ben 1, Bul 


lacquer solvent vapors , 
9 F Class tl Locations 


visions | ane i 
including aluminum 42 
boxes designed to 


coal or coke dust 


tight construction 





must be in 


switches 


one portion of the electrical system to another 


the conduit enters enclosures 
temperatures. Suct 
of 2.inch of 
q terminals 

Seals 


ey leave a harardous area to enter a 
Requirements 


as for Division | 


metalt« 


require 


switches and controller 


rigid metal conduit with threaded 


explosion proof joints and explosion proof box«es and fittings. All outlet 


controtiers and motors must be of ex 


To prevent passage of gases, vapors or flomes 


conduit runs must 


not more than 18 inches from the point where 


housing equipment which may 
be 


size entering the enclosure or 
18 inches 


produce 


seals must also installed 
larger 
splices of taps, and must be within 
conduit runs where 


All cor 


must also be used in 


non hazardous area 


connections must be of the threaded type 


for explosion proof equipment are essen 
However 


Seals 


conduit may be e:ther rigid 


tubing are required as set forth in 


landb 2 


st be in rigid conduit with threaded dust tight 


Other equipment must also be of dust tight design 
ng requirements are generally the same as for Div 


again either rigid or thinwall conduit may be used 


ngid conduit with threaded fittings and 


prevent escape of sparks or flames Fiatures 


enclosures as well as motors must be of dust 





Motor Branch Circuits 


De 
and 


ign of circuits for motor load 
their control In 
consideration of 
which do 
serious problems in the design of 


lighting 


volves 


part 
factors and 


not 


ular 
ronditior present 

and 
Motor 
large load 


ordinary 
branch 


appliance 
load 


and 


circult are 
require 


of 


and equipment to assure 


usually 


careful wiring and protection 
conductor 
safe and reliable operation. In any 
plant or of the 
problem iding maximum 
must be 


vith other problems 


building, 
oT pro 


and reliability 


course, 


safety 
solved along 
minimizing voltage drop, avoiding 
excessive coppe! loss. 
flexibility for 


of equipment 


prov iding 
sufficient changing 
locations designing 
of 


and equipment 


for ease and economy) mainte- 


nance of the motor 


and providing spare capacity in the 


equipment for increased loads in 
the future 

Basically, Article 430 of the code 
provides the requirements for safe 
and reliable operation of motor cir- 
This the 
requirements; arti- 
to 
cranes, 


tools, 


such OoCc- 


cuits. article contains 


general other 


cles contain specific references 


motor applications in 


hoists, elevators machine 


hazardous locations and in 


cupancies as garag ervice sta- 


tions, bulk storage plants and other 


industrial area 


Kxcept for sealed hermeth 


type) refrigeration compressor 


motors, values for motor current 
ratings given in Tables 21 to 24, 
Chapter 10 of the code, must 


used in sizing conductors, switches, 


be 


branch circuit overcurrent devices, 
etc., instead of the motor nameplate 
of However, the 
motor nameplate current should be 
in the motor 
protection. 


value current. 


used determining 
running 
For 


overcurrent 


sealed refrigeration compres 


motors, the nameplate current 


is used in determining size of 


conductors, circuit overcurrent pro 


tection and motor running overcur- 
rent protection, 


Size of Conductors 


Branch circuit conductors 
ing motor 


current-carrying 


serv 
have a 
capacity not less 
125% of the full-load current 
of the 4312 


the code also includes require 


only one must 
than 


rating motor. Section 
of 
ments for sizing individual branch 

conductors 
for 


per lod or 


circuit serving motors 


used short-time, intermittent, 
varying duty 

Conductors connecting the sec 
induction 
must 
a carrying capacity at least equal 


125° of the full 


ondary of a wound-rotor 


motor to the controller have 


to 


motor’ load 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


the 
continuous duty. 


secondary current if motor 1s 
for If the 


motor is used for less than continu 


used 


ous duty, the conductors must have 
capacity not less than the percent 
age of full-load secondary current 
given in the table of section 4312 
Conductors from the secondary of 
a wound motor to 
starting must have a 
capacity rating in accordance with 
the duty of the 
resistor as given in section 4313 


rotor induction 
its resistor 


classification 


Protection for Motors 


Overcurrent motot 
branch intended to 
protect the motors, motor control 
equipment and the branch circuit 
conductors against excessive heat 
to 
and 


protection in 


circuits is 


ing due overloads and against 


grounds shorts. Design con 
siderations for such protection vary 
with the size of motors, the operat 
the of 


requirements for 


duty cycle and 
Typical 
running overcurrent protection are 
as follows: 

For of than 
horsepower, if used for continuous 


ing 
motor. 


type 


motors more one 


duty, running overcurrent protec 
must be provided, This 
external overcurrent 
by the 
current and set to open at not more 
than 125% of the full-load 
current for motors with a tempera 
10C or 115% of 


tion may 


be an device 


actuated motor running 
motor 
ture rise not over 
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Contains branch 
circull overcurrent 
protection and 


disconnect means 


(Motor « 


cenrers 


wiitrol 
may conta 
Cire 


branch u 
rent prorectior 


, 


f over 


disconnects and 


controllers } 


panel 


A 


feeder 


J 
c | 
; 
Conductors with 
carrying capacity at M) 


least 125 % of motor 
full-load running current 


TYPES OF MOTOR BRANCH 


CIRCUITS 


Individual bronch circuits to motors 








3 
Ts 


Tf 








J 


oat 


é 


Motors 


Feeder or subfleeder 


= 


L 


| ¢ 


™) 





Busway feeder or subleeder 


Branch circuit 
overcurrent and 
disconnect meons 


Branch circuit 
conductors 


J 





Plug 


ond 


Contains branch 
circus 
pr 
discor 


overcurrent 
and 


N@ONS 


yfectrior 


nect 





iS 


MOTOR BRANCH C 


mot 


i 
} } 


IRCUITS m 


feeder 


tter perating and maintenance 


the 
other 


full-load 
Oy 
by 


moto} 
motor 


he device 


proy ided 
the 


current or 


with motor and re 


motor motor 


and temperature. For 


1500 hp, an embedded temperature 


detector ma\ 
of the 
ature get ton 

Motors of 
ly 
against o 


uit 


be u 
ing 
» high 
hor 


one epo 


manual arted are 
by 
the 


the 


vercurrent 
cine protection 11 
vithin 
adi 


idered 


from 
than 
ight 
started 
le 


sight 
of 
out 


tance more 
of 

Automatically 
hor 


prote te ad 


one epower oO! 


again 


current in the same way 


rated over one 


is, & separate 


overt 


upply when the 


current 
protection 
integral 
ponsive to 
current 
motors 


ed to cau 


er or le 
protec ted 
the branch 
motor 18 
starter 
nO ft 


motors 
must 
running 
als 
horsepower 


irrent 


c open 


temper 


motor 


in branch circuit 
overcurrent protection 
disconnect means 


Motors 


45 or 20 amp 
single branch circuit 








| 


‘=o 
(m) 


(™) 


running 
protection 


ie 


w 


Motors without individual 
overcurrent 





wn in these 
3 motor contro! 


e of busway ystem 


for all 
might 


or an integral device 
of such a motor, however 
considered protected 
ning overcurrent if it is 
approved assembly ‘ 
over subject the motor to ove 


safety controls (such as 


combustion 
which 


oil burner) 


pr 
‘, motor 
stalled 


impedance 


against 
rotor 
of 


current.” 
the 
motor } 


A 


is con 


heating with stalled 


branch circuit 
sidered running 
ol 
be 


over 


sufficient 
running 


considered 
against 
motors which have inhere 
That 


device 


duty cycles 
or varying duty. 
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center 


In 
against 


‘whic 


controls of ¢ 
‘otect 
damage 


winding 
sufficient to pre 
rotor, 
protection 


overcurrent 


within 
with « 
tters 


ire 


many 


the case 
, it may be 
run- 
part of an 
h does not 
rloads and 


which is also equipped with other 


the safety 
i domestic 
the 
to 
the 
a 


due 
if 
of 
vent over- 
the 


con- 


Or 


18 


protection. 
The branch circuit protection is 


protection 
for 
ntly short 


intermittent, periodic 
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ieanesced for 1956 National Electrical Code) 


the 


41 


t 


MAY 


Disconnects here if 

not in power pone/ 

_or if panel /s out of 
sight or over 50 ft away 


Motor contro/lers 
(disconnect switch may be 
‘incorporated in the starter 
enclosure if not in the 
power pone/ or just 
ohead of the storter/ 


Branch circuit tap conductors with 
same corrying capacity as feeder 
or 1/3 feeder capacity if nore 
than 25 feet long (for tops not 
over 5 feet long,top capacity same 
branch circuit 


for 


os conductors / 


Controllers 


Controllers 


Two orf more motors - none rated 
/ hp and none drawing more 
than 6 amps full 


current 


over 


load running 








limitatior 


pr 


vantage 


yutlined 
dise 


industrial 


by 
tection mnect 
s in ppl ic 

A motor is considered to be used 
for duty unless the 
nature of the load it drives is such 
that it cannot operate continuously 


continuous 


under any condition of use 
Branch Circuit Protection 


for 


circuit 


Code provisions 
tion of 
feeding motors are covered in sec- 
1341 to 43 

protecting 
motor branch circuit 


the protec 
branch conductors 
tions 9, The overcurrent 
individual 
must able 
to carry the motor starting current. 
It must have time delay to allow 
the motor to start and come up to 


device an 


be 


speed. Tables 26 and 27 in Chapte1 
10 of the the 
overcurrent values for 
Table in 
Chapter 10 gives ratings of fuses 
for 


code give required 


rating 


various motor loads 20 


circult overcurrent protection 


195¢ 








MOTOR BRANCH CIRCUITS MOTOR BRANCH CIRCUIT 


SEQUENCE OF PROTECTION 
ANO NEC REFERENCE SECTIONS 





tors, the lood on the branch circuit 


taken as 125% of the full-load 
Feeder or subfeeder 





vit supplying a motor in a class of 
plying ) Motor branch circuit 


uty depends upon the type of overcurrent protect 
(Sections 434/ to 4349/ 


” 


sad is not greater than the per 


rent given in table of Se 2 

r given in table o Sec. 4312 Disconne: ting meons 

Sections 440/ to 44/// 

ting the secondary of a wound > 

- } a ~ Motor running overcurrent 

ller is taken as 125% of the i profection 

, } Sect 32 j 
srrent for continuous-duty motors (Section 56 te F355 

percentages of full load current for . A ( j Motor controller 
sNHort-time J ’ f n table of Sec. 4312 of the = (Sections 438/ to 4390/ 
C ; 3] r . 
NE ; covers load on conductors connecting Usuolly in common enclosure 
resistors 


pplying two or more motors is taken + Motor 

the full-load current rating of the 

nignest rated n rw > group plus the sum of the full load 

Secondary ¢ 

current ratings remainder of the motors in the group conductors 
The load on conductors supplying motors and, in addition for wound - re 

af motors 

ighting or appliances, is taken as the sum of the separate 2econdary resistor 
ecfion 43 

motor load and lighting or appliance load 











protection and ircul breakers for the disconnecting means under 
ised to protect moto branct conditions given in section 4402 of 
circult must have a continuou the code 

“ach =6current rating not less than 115% 1. Motors over 50 hp may have 


horsepower of the full-load current rating of a motor-circuit switch also rated 


ver 6 amps’ the motor in amps, a general-use switch or 
d on Section 1371 to 4374 of the an _ isolating witch for their 
at 20 code give requirements for remote disconnect 
amps at 125 vol orl15 amps control circuits used with motor 5. The plug and receptacle used 
at 600 Individual load for connecting portable motors to 
running o protection j their circuit may serve as the dis 
generally ! ( i} i 3 ‘ Motor Disconnects connecting mean 
circult mnau¢ Ipply oS In a motor branch circuit, every 
Depending upon h size and witch in the circuit in sight from 
application of a motor, some pro the controller must satisfy the 
vision must be made for discon foregoing requirement And the 
the YZ ) mot 1e necting the motor from the line disconnect witch must be able to 
im o h ill-los for maintenance and repair. Gen carry at least 115° of the name 
eral requirement for motor di plate current rating of the motor 
connects call for ; motor-circuit It must disconnect both the motor 
vitch rated in iorsepower or a and the controller from all un 
iit breake xceptiol grounded supply conductor bor 
requirement are as follo ealed refrigeration compressor 
The branch cult overcul ection 4403 give the procedure 
lf may ve i the di for using code tables to determine 
ational disconnect capacit 

horse In general, eacn motor 1 pro 

vided with a separate disconnect 

load cut cad » switch ri ing mean However, for moto! 
ther motors wi ( f ont } inder 600 volts, a single discon 
t no ating na) l ; é ie nect may sometime eryve a yroup 


; ‘ 


of motor Puch a disconne mu 


have a rating ifficient to handl 
ra | ingle load equal to the im of 
the horsepower ratings or current 
ratings. The single disconnect may 


for a group of motor 
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Code Table 21 (Proposed for 1956 National Electrical Code) 





Full-Load Current’ Direct-Current Motors 





15 V 230 V driving different parts of a single 





piece of apparatus, for several 


motors on one branch circuit or 


@& 


for a group of motors in a single 
room within sight from the discon- 
nect lox ation 


ON OW WO 
> > 


~< 


o 
Po a& WH 


An important requirement in 
motor circuits is that the discon 
nect be within sight from the con 


w™~w Ww 
~~ = 


wa 
7 
oO 


5 ' : 
7 troller location or be constructed 


i/ 
J 


«x 
Wrhrn — 
> 


-™“~ 
>o 
x 


and designed for locking in the 
open position A distance of 


50 ft is considered out of 


‘ 
12 


20 
25 
10 110 

40 146 6) Motor Controls 

50 180 75 

60 215 90 According to the code, the term 
75 268 111 “controller” 
100 355 148 
125 443 184 
150 534 220 . 
290 712 295 cont roller must have a horsepowe1 
rating not lower than the rating 
Code Table 22 (Proposed for 1956 Notional Electrical Code) of the 


— 

tN 
oN Ww 
oa oO 


includes any switch o1 
device normally used to start and 
stop the motor. In general, a motor 





motor. Motors under one 





eighth horsepower which are 


normally left running and are not 
115 V 230 V subject 


Full-Load Current’ Single Phase AC Motors 





to damage from overload 





44 22 or failure to start, such as clock 
58 29 > motors, may use the branch circuit 
7.3 3.6 - protective device for the controller. 
9.8 49 : Portable motors up to one-third 
13.8 69 

16 
~ 5 ler. For stationary motors up to 


44 . two horsepower, and up to 300 
56 i volts, a general-use switch rated 
80 21 twice the full-load motor current 
100 26 may be used as the controller. A 


horsepower may use their plug and 
receptacle connection as a control- 





*These values are for motors with usual speeds and torque choracteristics. Name branch circuit breaker, rated only 


i 


plate current valves should be used for motors with low speeds or high torques in amps, May be used as a motor 


To obtain full-load currents of 208- and 200-volt motors, increase 230-volt current controller. 


values by 10 and 15 percent, respectively Although motors are generally 





yrovided with individual means for 
Code Table 24 Full-Load Current® three-Phose AC Motors pet glass ; 
control, a single controller may 





Induction Type Synchronous Type serve a group of motors, rated not 
Savirrel-Cage and Wound Rotor Unity Power Factor over 600 volts, under the same con- 
AMPOTOS Renperes ditions as a single disconnect may 
110V 220V 440V 550V 2300V 220V 440V 550V 2300V be used. 

4 2 " Sections 4421 to 4425 cover re- 
5.6 2.8 1 quirements for motors rated over 
7 3.5 1 600 volts. Article 710 of the code 
5 2 deals specifically with “Circuits 
6.5 3 and Equipment Operating at More 
’ se Than 600 Volts Between Con- 
15 ductors.’ 
22 Design for motors over 600 volts 
= includes protection of live parts 
- . and grounding. 
64 54 27 22 
7A 85 65 33 26 FULL-LOAD CURRENTS for general 
104 10.5 86 43 35 motor applications, excepting sealed (her 
125 ‘ 13 108 54 44 metic-type refrigeration §— compressor 
motor hall be taken from these table 
60 150 75 16 128 64 51 “es letermining the urrent-corryin 
75 185 74 19 ~=—«(16) 8) 65 
100 246 123 98 25 211 106 85 a i aaeieneemnis iieRene’ ah Salma 
125 310 155 124 31 264 132 motor nameplate ratings. Motor 
150 360 180 144 37 158 127 
200 480 240 192 49 210 he f 











oOo]; = — © 





—~OOora NNI- — 











ty of conduct witche branch 





vercurrent protection, however 


ised on the motor nameplate 





For tull-load currents of 208. and 200-.volt motors, increase the corresponding 22 
volt motor full-lood current by 6 and 10 per cent, respectively 

*These valves of full-load current are for motors running at speeds usual for belted 
motors and motors with normal torque characteristics. Motors built for especially low 
speeds or high torques may require more running current, in which case the nameplate 
current rating should be used 





Voltage Regulation 


d_ efficient 


operation of mot the matter of 


voltage regulation must be con 


sidered carefull Viany factors 


numbe1 and types 
; load densi 
tiles, typ ition system, 
loading of variou ders, 


Tacto a lat to the 
problem of as 


powel 


desigt 


We 
stability 


| ne 


¢ 


and 


motors 
regulation 


step in design and must be a 


fr ? izing 
I i Ziti} 


conducto1 
for the 


counted 
selec if 
system 


and ipment 


the source ot 
in the 

Nor 
design 


motor 
exceed 5 


mally, proper power feede1 
will limit voltage drop to 3%, leav 
ing a Maximum permissible voltage 


9 


drop ot motor branch 


circuit under full-load condition 


However, a 1 
drop 1 


imum circuit 
meet thi 
the ad 


operation at 


recommended. To 
requirement, ; ing all 
vantages 
arop calcula 
the 


which 


proper \ 


tions should be based on all of 


previous factors 
affect v 
to conductor resistance and current 
flow represe! a power lo in 
heat and 


Up-S1Zing ne ondau ors 


opper loss due 


nimized by 
where the 
motor will | inning at or 
full load Power 


factor into 


pel 1iods 
taken con 
sideration 1 tiation 


the known valu f PF on 


assumed val 


5, using 


an Sv 


ults ot 


p and powel 


Depending i] tne re 
study of the 
factor relationship e of cor 
rective mea 
power fact 


motor branch 


ual motor 


correcting reduc 


llred capacit 


tion In req 


improved voltas reyulation 


and 


Voltage Labiiit 


might be al 


CIRCUIT PROTECTION | 


with the rating 


ELECTRICAL 
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Improving 


gned into 





CODE TABLE 26 





MAXIMUM RATING OR SETTING OF MOTOR-BRANCH-CIRCUIT 
PROTECTIVE DEVICES FOR MOTORS WITH A CODE LETTER 


INDICATING LOCKED-ROTOR KVA 


— — 


Percent of Full-Load Current 





Type of Motor 


All ac single-phase and 
polyphase squirrel-cage 
and synchronous motors 
with full-voltage, resis- 
tor or reactor starting 


Fuse Rating 
{See Table 20, 
Columns 7, 8, 

9 and 10) 


Circuit-Breaker Setting 





Time Limit 
Type 


Instantaneous 
Type 





Code Letter A 





Code Letter B to E 





Code Letter F to V 


All ac squirrel-cage and 
synchronous motors with 
autotransformer start 


ing 





Code Letter A 


150 





Code Letter B to E 


200 





Code Letter F to V 


250 

















CODE TABLE 27 





MAXIMUM RATING OR SETTING OF MOTOR-BRANCH-CIRCUIT 
PROTECTIVE DEVICES FOR MOTORS NOT MARKED WITH A 
CODE LETTER 


Type of Motor 


Single-phase, all types 


Squirrel-cage and syn 
chronous (full-voltage, 
resistor or reactor start 
ing) 

Squirrel-cage and syn 


chronous (autotrans 
former starting) 


INDICATING LOCKED-ROTOR KVA 


Percent of Full-Load Current 





Fuse Rating 
(See Table 20, 
Columns 7, 8, 

9 and 10) 


300 


300 


Circuit-Breaker Setting 





Instantaneous | Time Limit 





Not more than 30 amps 





More than 30 amps 


High-reactance squirrel 
cage 





Not more than 30 amps 


250 





More than 30 amps 
Wound-rotor 


Direct-current 


200 
150 





Not more than 50 hp 


150 


250 





More than 50 hp 





150 








175 





npressors 


5 oF « y ker setting in excess of 200 percent of fy 


CONSTRUCTION AND MAINTE 


mn these tobies is 
ecsed but sho 


the 
gher rating or setting 
~ torque 


pumps, et 


NANCE MAY 


not suff the startin 


nee exceed 400 per 


over rating non-adjustable 
on 


tables do not co 
may be vied 
ow- speed ty 


pe (usually 45 
which stort up unloaded 


1956 


@ current 


cent 








Code Table 20 — Conductor Sizes And Overcurrent Protection For Motors 








The values shown for running protection in Columns 5 and 6 must be modified if nameplate full loed current values ore different 
and 3 may oe emaller for certain motors 
heve « tempereture rise not over 40 degrees 


Minimum site conductor 
in raceweys 
For conductors in a oF 
for other insulations 
see tables 1 and 2 


AWG and MOM 


Type PR 


Type T 


wwiuww weeks 2S 


aa ae BRS 


oo+* 4-4-1 wren 


BBBicooo 6 


) 
00 
00 
0 
00 

000 
000 
000 
000 
0000 
0000 
0000 
0000 
0000 
250 
250 
250 

300 

300 

300 

350 


The current velues shown 


cf 


Running Protect 
of Motors 


Maximum Maximum 


rating setting of 
of non- edjustable 

edjusteble protective 
protective device 
devices 


Amperes 


Amperes 
5 6 


22 
23 
25 
27.50 
30.00 
32.50 
35.00 
47.50 
40.00 
42.50 
45.00 
47.50 
50.00 
52.50 
55.0 
57.50 
60.0 
62.50 
65.0 


——— 


70.00 
72.50 
75.00 
77,50 
80.00 
82.50 
85.00 
87,50 
90.00 
92.50 
95.00 
97.50 
100.00 
102.50 
105,00 
107.50 
110.00 
112.50 
115.00 
117.50 
120.00 
122.50 
125.00 
131.5 
137.5 
144.0 
150.0 
156.5 
162 
169.0 
1750 
181.5 
187.5 
194.0 
200.0 
206 
213 
219 


225 


« 


Conductor sites thown in 


Columns 2 


» Columns 5 and 6 must be reduced by 8 per cent for all motors other than open type motors marked to 


i 


Maximum Allowable Rating or Setting of Branch Circuit Protective Devices 


With Code 
Letters 
Single-phase 
and squirrel 
cage and syn- 
chronous. Full 
voltage, resistor 
and reactor 
starting, Code 
letters F to V 
ine 
Without 
Code Letters 
Same as above 


With Code Letters 
Single-phase and squirrel 
cage and synchronous 
Full voltage, resistor or 
reactor starting, Code 
letters B to E ine 
Auto-translormer start- 

ing, Code letters F toV 


j With Code 
Letters 
Sauirrel cage 
and synchronous 
Auto-translormer 
starting, Code 
letters B to E 


Without Code Letters 


With Code 
Letters 
All motors 
Code letter 
A 


Without 
Code Letters 
DC and 
wound-rotor 
motors 


10 
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Panel Mains 
| Designation 
> 


a 


Branch | 

Location -———— 
' Cct. Equip. 

+ + 





aa 
POWER PANELS sup; 


n thi Pow I 


fected DY : ing < 


motors 


irrents of 
coming on is 
generally feeder 
overlooked 


in clreuit ving more 


ation in 
design but should not be 
than 


one 


moto! 


Layout of Circuits 


Based 


and 


on the foregoing rules 


consideratio1 motor branch 
circuit igned for any 


type Generally, 


motor ¢] rements 


for com 
mercial and } titutional buildings 
are concerned th known 
whi h are fairly inent in their 


31ze an atl These 


load 
pern 
load in 
clude frigeration a air condi 
tioning ) Ol | 3, eleva 
tors, escalat« ) and fans 
Such load i I “] DY Many 
vithout 
xi bility of 


al plant 


ty pe 


consider 
lexibility to 
motors, 

and e) 

) provide 


moto! 


CIRCUIT DATA 


t} 


Type | Cop 
oe > 





POWER PANEL SCHEOULE > 
Bronch Circuits Service 


size conduit and raceway which 
will allow change and expansion in 
where 


sup 


underfloor raceway sy 


the wiring or, in the case 


many small motors are to be 
plied, an 
tem Spare capacit for increased 


motor loads is a design considera 


tion for and sub 
hould be 


ircuit panel 


motor feede1 


feeder Spare apacit 
included in the motor 

where required. By using 
with 


and oversize 


board 


al type panelboard 


‘ 


interchangeable uni 


raceway for branch circuit wiring, 


in size of the moto 


circuit and increase in a 
branch circult 
facilitated 


out 


equipment 


made a 
plan 
ved 

it from 
distribution 
idual 


be tapped 


branch 


ifeeder at 
length of 
eh circuit 
indi 
ma be 


itnout i 
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No lPoles | Frame ] Trip Calibr. | Phose T Voitg No. | Size 
+ - + ¢ + > + 
é 7086 


Motor 
Equipment 


Conductor | 
Type | 


7 


¢ 





the taps, provided they are carried 


direct to the disconnecting mean 
for each motor. Such 
taps must have the 
capacity as the 
ver 25 ft 
25 ft 


ing Capacity 


or controller 
ame carrying 
feeder if they ar 
If they are 
long, they must have a carry 


long unde) 


at least equal to one 
third the carrying capacity of the 
feeder. In 


such cases, the moto 


branch circuit protection is ofte: 


omitted and the branch circuit 


originates at the motor controlle 
Fourth, 


to motors may originate 


individual branch circuit 
at control 
fed directly b 
Fifth, two 


connected 


lers or disconnect 
a feeder or ubfeeder 


or more motors may be 


to a single branch circuit under the 
conditions previously given for 


everal motor on one branch 
circult 
The 
brane h cir iit 
the most e 


motor circuit 


diagran 
hown on paye 1) 


covers mmon layouts of 
ipplied either fron 
panelboards vitchboard or 
from ta ibfeede 


now 


thoro igh 


Vays in 


inderstanding of 
\ hh h the 


of protection ma hye 


req lired 


combines 








Note o~ Stondby |3.2kv emergency 13 2kv feeders from substation 
ont Ss normolly open feeder trom bldg no / /-A lea 
ia A s - 
ath mech elec _mterthd - as 

















Potheod ' o 
Grounding & dish sw fr ° 4 o> ° oa" or °4 o—' tite," o—|'- 
laws 


5O00Kva (3 2hv pre Se Pe ee por, 18 WANS Ww "A pen Se 
120/ 209v WAY NAA AWWW yyy) * Wy * Y 

' ‘f f ¥ 300kva = 5000kva ie 3 

? a 13.2/120/208¥ 19.2/24k¥ 

: / 7 emergency trons 30-6 


transformers 
(narmol service) 


transformers tt 
2400v-30 bus 


t 
: IOOo f 
To 2400 volt rotors for ‘boiler room feed water pump, 


induced draft fans, air comp., refrig. compressor, cond & 
chilled water pumps for air conditioning system 


4 
20000°C8 *' 








| 
ve 
, we 
Motor contro/ ; : dL  mergancy aaa 
"center for cooling lv 120/208v-39-4w switchboord Tv sw ’ f 
tower fan motors for boih fant light and or 
owe or ler plant ligh pow 5000kva Bpt 2400-3-60~ 


emergency turbo-generator BOILER PLANT DISTRIBUTION SYSTEM 











MOTOR BRANCH CIRCUITS shown in this distribution diagram of the boiler plant of a large medical rese arch =~ building are 
lerived from 3-phase, 4-wire 120/208-volt motor control center for fan motors, from a 120/208-volt switchboard for general 
purpose motor applicati ms and from a 2400-volt, 3 phase circuit breaker switchboard upplying 2400-volt circuits t motor 


for pumps, compre rs, air conditioning system, etc 





Power factor capacitors can be connected across electric lines to neu 

/ hp tan tralize the effect of lagging power-factor loads, thereby reducing the 
146 hp filter | tat ceil) current drawn for a given kilowatt load, In a distribution system, small 
capacitor units may be connected at the individual loads or the total 
capacitor kilovolt-amperes may be grouped at one point and connected 
to the main, Although the total kvar of capacitors is the same, the use 
of small capacitors at the individual loads reduces current all the way 
from the loads back to the source and thereby has greater PF corrective 
effect than the one big unit on the main, which reduces current only 
from its point of installation back to the source 


Coordinate cei/ outlets 4/6 hp filter 
with mech. equip. & ducts Fan 10 ho 


208 3¢ 
3Nol2 


Fon 10 hp 
208y 3¢ Calculating Size of Capacitor: 
Fan 7 i172 h, 


208v 36 


Pp Dumbwoiter Assume it is desired to improve the power factor a given amount by 


control pane the addition of capacitors to the circuit 
Dumbwaiter Then 


; kvar, kw * (tan O, — tan 9.) 
penthouse 


DOumbwaiter 


control panels vt 
146 hp filter 


, ; 
/° cond to roof as Fan 7172 hp 
req @ for radio ‘ 208v 3¢ 
ead in down 


fo console Panel "P- ei” 
nd tir 


Up fo /t 


where kvor rating of required capacitor 
kvar, reactive kilovoll-amperes at original PF 
kvar; reactive kilovolt-omperes at improved PF 
°, original phase angle 
Oo, phase angle at improved PF 


kw load at which original PF was determined 
ROOF PLAN 





The phase angles O, and ©, can be determined from a table 
of trigonometric functions using the following relatior ships 


TYPICAL LAYOUT of motor branch circuits in a fan room 
on top of a hospital shows the circuit symbols and design in ) The angle which has its cosine equal to the decimal value 
of the original power factor (e.g., 0.70 for 70% PF; 
0.65 for 65% PF; etc.) 








formation which must guide the installer in carrying out the 

plan. Other data on the motors and controls are incorporated 

in the jot pecification The angle which has its cosine equal to the decimal value 
of the improved power factor 
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Distribution 


ELECTRICAL SYSTEM TERMINOLOGY 








Branch 





Distribution p reuits 

Panelboord fo lighting 
ond 
oppliances 





Subleede: Lighting 


Ponelboord 











Motor 
branch 


circuit 


N ANY electrical system, the future power requirements. Of premises is made at that voltage. 
distribution system involves the ourse, the factors of capacity, ac Of course, 120/240-volt distribu 
methods and equipment used to cessibility, flexibility and safety tion is frequently an effective and 
carry power from the service equip must be carefully included in design economical system for lighting-sub 
ment to the overcurrent device considerations for distribution, as feeder distribution in electrical 
protecting the branch circuits. The explained in the section on “General ystems which use a higher-voltage 
distribution system carri¢ power Considerations” basic distribution system with load 
to lighting panelboards, powe1 center step-down to utilization 
panelboards, motor control centers Distribution Systems voltages for local and incidental 
and to the branch circuit protective lighting and receptacle circuits, 
devices for individual motor or The basic classification of di 2. 120/208-volt, 3-phase, 4-wire 
power loads. Depending upon the tion systems is according to distribution is the most common 
type of building, the size and voltage level used to carry the type of system used in commercial 
nature of the total load, various ver either directly to the branch buildings, in some institutional 
economic fact and local condi or to load-center trans occupancies and in small industrial 
tions, a stri ion system may formers or substations at which shops with limited electrical loads. 
operate at a single voltage level o1 feeders to branch circuits originate This system offers substantial 
may involve : * more trans The following are the most com- economy over the 120/240-volt sys 
formation f voltage. A distribu- mon types of distribution system tem in the amount of copper con 
tion system might also incorporate based on voltage ductor required to carry a given 
change in frequency of alternating 1. 120/240-volt, 3-wire, single amount of power to a load, It is a 
current power or rectification from phase combination light and power combination light and power dis 
alternating-current to direct-cur distribution to lighting and ap tribution system, providing 120 
rent power pliance branch circuit panelboard volts phase-to-neutral for lighting 
Design of a distribution system, and to power panels. This type of and single-phase loads and 208 
therefore, is a matter of selecting ystem is restricted to applications volts phase-to-phase for single- o1 
circuit layouts and equipment to a vhere the total load is small and is 3-phase motor or other power load 
complish electrical actions and primarily lighting. Stores, small This distribution system is used a 
operations necessary for the condi schools and other small commercial the basic distribution in those 
tions of voltag irrent and fre occupancies use this system. In _ occupancies in which the service to 
quency j ‘ relating such most cases of small commercial the building is of the same voltage 
factors a rvi voltage, distribu- buildings, the use of 120/208-volt 4 It is also the most common sub 
tion voltage or voltages, conductors, phase distribution offer yreate} distribution system for lighting 
transformers, converters, switches, economy due to higher operating and receptacle circuits in those 
protective devices, regulators and efficiency of 3-phase circuits occupancies using higher-voltage 


; 


power factor corrective means to those cases where 120 Z 1) volt dis distribution to load centers 


economy, load conditions, continuity tribution is é the basi 3. 240-volt, 3-phase, 3-wire di 


of service, operating efficiency and distribution, } ‘rvice to , tribution is a common system for 
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commercial and it 
In suf h Ca es 
made at 
Feeders carry 
or wire 

ircult 
loads are 
jall land I i eparats 
ingle { vic he building 
appli 
large 


load. In 


}-pha e, o-wilre 


economik 
on where power load | 


mpared to e lighting 
ome 2Z40-volt 

inded center tap on one 
used as a neutral 


volts for lighting 


ommoni ised in com 
industrial building 
al motor loads, Ser 

be made at 
voltage, and the 480-volt feed 
carried to and to 
light 
In many 
will be 


load center ub 


motor load 
tep-down transformer for 
ing and receptacle circuit 
CASES, 1KhO0-volt feede} 
derived from 


tation 


building and 


carried to te log or power 
panel 


” 1BOY 17 oll 


distribution ha 


o phase, 1-wire 
ypecome an im 
portant y 


tem for use In com 


mercial building 

office 
buildings, the 
, 4-wire 


) ein h 


and ind istrial 


bullding In and other com 


1WO-volt, 3 


are 


mercial 


phase feeder carried 
1KO volt, 3 


tapped to a 


{ floor where 


pha e power! power! 


panel o1 yeneral area 
fluore yhting using 277-volt 
ballast connected between 


pha ‘ yw and the 
120/208-volt 


Cn h 


neutral; and 


b-phase, l-wire Cll 


cult are derived from step-down 


transformer for local 


lighting, 


appliance and receptacle circuits. 


Application of thi tem offers 
economic advantage 
volt yastem 
half of the 


or 2ZOK-volt 


ver a 120/208 


vhen than about 


load devices require 120 

Where the 480) 
yatem can be ised, it will cost 
le than the 120/208-volt 


due to coppel 


powe ! 


system 
through the 
conductors 


auvinyg 
use of maller iz of 
and lov ost of system element 
capacities, If 
the required amou 120 


due to lowe] current 
or 208 
the total 


ad in a building, the t of the 


tep-down transformers 


supply 
these circuit 
in the 480-volt The 480 


antageous in 


build 


ystem more 


multi-floor ildings than in 
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ys of only a flo or only 
one floor 

6. 2400-volt, 3-phase distribution 
trial 


hea vy 
motor 


is an indu used 
to feed 


and 


type ystem 
load 


lighting 


moto1 directly 


and loads 


| 
through load center it 


and lighting transforme 
7. 4160Y/2400-volt, 3-phase, 4 
vire distribution 


with a grounded 


neutral 1 a more common in- 
than the 


delta-connected 


du trial 
2400-volt, 


ystem above 
system 
This system is widely used to sup 


ply load center substations in 
which the voltage is stepped to 480 
to feed motors and lighting trans 
120/240-volt 
circuits. It 


tribution to 


formers for 
120/208-volt may 
inh di 
tepping the voltage 
to 120 


&. 4800-volt 


POR 

3-phase distribution 
industrial sys 
180-volt 


is a delta-connected 


tem for feeding sub 


station ipplying motors and 
lighting transformers 
9, 7200-volt 


3-phase distribution 


is another industrial system used 
with 
aye 
lighting 

10. 13.2Y 


pha e, 


ubstations for stepping volt- 


to lower levels for power and 
7.2-kv (or li kv) 3 
1-wire distribution is a 
widely 


tem for 


modern, used distribution 
large industrial plants 
Power at thi 
to substations which step the volt 
age to 480 for motor loads and 
which s ipply 180/120-240-volt or 
180/120/208-volt tran 


voltage is delivered 


formers for 


sub- 
supply 
motor loads and 277-volt fluorescent 
vapor lighting for of- 
industrial areas. 


277-volt 


used to 


1K0 Y 
may be 


lignting. Or 


tations 


or mercury 
fice 
transformers are then used to sup- 
ply 120-volt 
and convenience 

The 
these 


course 


and Lighting 


circuits for 
receptacle 
voltage values given 
distribution systems are of 


subject to the usual varia- 


due to distance of 


local 


and 


tion or spreads 
ssion and distribution, 
utility 


transformer 


transml 
conditions of upply 
taps. In 
volt- 


may 


settings of 
addition to the distribution 
given, other systems 

operate at 6.6 kv, 8.3 kv, 11 kv 
12 kv. Of the 
volts) distribution 

1160 volts and 13,200 volts 


most 


ages 
and 
high-voltage (over 
600 tems, 
are the 
common and 


gor “l 


repre ent 


design selection and economy of 


application for most cases. In many 
areas, delta-connected 
been changed to 

with 


handling 


have 
vstems consequent 
in power 
result of 


voltage. 


capacity as a 
increased phase to phase 
The trend today 
the use of the 13-ky 
other high-voltage distribution sys- 
tems for industrial 
To a limited extent, high-voltage 
finds 
commercial 


is toward 
systems over 


large plants. 


distribution application in 
7 he 


distribution 


large 


buildings 
trend in 
in office and other multi-floor com 
mercial 


mo recent 
buildings is to distribu- 
180 Y /277 3-phase, 4- 


wire with grounded neutral 


tion at volts, 


Feeder Requirements 


In any electrical ystem, the 
are the conductors which 


from the 


“feeders” 


carry electrical power 


service equipment (or generator 


switchboard where power is gener- 
ated on the premises) to the over 
devices for 
the 


systems, 


current protective 


circuits ipplying 


loads. In 


runs 


branch 
various ome 


made directly 
switchboard to light 


feeder may be 


from a main 
and/or 


In other 


Ing panels, power panels 


directly to motor circuits 
carried 
switch 
switch 


systems, feeders may be 


from a main distribution 


board to sub-distribution 


boards or panelboards from which 


subfeeders originate to feed branch 


circuit panels or motor branch 


circult In still other systems, 


either or both of the two foregoing 
layouts may be 


feede1 incorporated 
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with 
step 


transformer substations to 
the 


utilization 


distribution voltage to 
The 
discussion covers a detailed analy- 
feeder 


types of 


levels. following 


sis of requirements for 
various distribution sys- 


tems Because descriptive terms 


referring to distribution systems 
and their elements are frequently 
misused the 


are given to 


and misunderstood, 


following definitions 


clarify the discussion: 


MAINS are 
tending 


the conductors 
the 


or generator or 


switch 


bus) to 


from service 
converte! 


distribution cente1 


FEEDER is a set of 


originating at 


tne main 


conducto1 
a main distribution 
center and feeding one or more 
distribution 


branch 


secondary centers, 


one or more circuit dis 
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STANDARD LOADS FOR LIGHTING IN COMMERCIAL BUILDINGS 





W atts 
per 


Uccupancy Sa Ft Occupancy 





res 
sheds and Exhibit 
This does not ir 
n@ circuits for 
booths, special « 
et 


Art Galleries 

a Genera 

b. On Paintings 
running foot 
area 

Auditoriums 


Automobile Show R 


Banks 

a. Lobby 

b. Counters—50 watts per run 
ning foot including service 
for signs and small motor 
applications, etc 

c. Offices and Cages 


Barber Shop and Beauty Parlors 
This does not include circuits 
for special equipment 


Billards 
a. General 
b. Tables—450 watts per table 


Bowling 

a. Alley Runway and Seats 

b. Pins—300 watts per set of 
pins. 


Churches 

a Auditoriums 

b. Sunday School Rooms 
c Pulpit ot Rostrum 


Club Rooms 

a. Lounge 

b. Reading Rooms 
The above two uses are so 
often combined that the 
higher figure is advisable 
It includes provision for 
convenience outlets 


Court Rooms 


Dance Halls 
No allowance has been in 
cluded for spectaculer light 
ing, spots, etc 


Drafting Rooms 
Fire Engine Houses 


Gymnasiums 

a. Main Floor 

b. Shower Rooms 

c. Locker Rooms 

d. Fencing, Boxing, etc 
e. Handball, Squash, etc 


Halls and Interior Pamsopewoys 


20 watts per running foot 

Hospitals 

a. Lobby, Reception Room 

b. Corridors—20 watts per run 
ning foot 
Wards 
Including allowance for con- 
venience outlets for local 
illumination 


of fluorescent eq 


tary lighting 


ELECTRICAL 


Private Rooms 
Including allowance 

venience outiets | 
tlumination 

Operating Room 

Operating Tables or Chairs 
Major Surgeries 3000 watts 
per area 

Minor Surgeries—1° 
per area 

This and the above fiqure 
include allowance for direc 
tional control Special wir 
ing for emergency systems 
must also be considered 
Laboratories 


ND watts 


tels 

Lobby 

Not including provision for 
conventions, exhibits 
Dining Room 

Kitchen 

Bed Rooms 

Including allowance for con 
venience outlets 
Corridors—20 watts per run 
ning foot 

Writing Room 

Including allowance for con 
venience outlets 


l ibrary 

a. Reading Rooms 
This includes allowance for 
convenience outlets 

b. Stack Room—12 watts per 
running foot of facing stacks 


Motion Picture Houses and 
Theatres 

a. Auditoriums 

b. Foyer 

c l obby 


Museums 

a. General 

b. Special exhibits —supple 
mentary lighting 


Office Buildings 

a. Private Offices, no close 
work 

b. Private Offices, with close 
work 

c. General Offices, no close 
work 

d. General Offices, with close 
work 

e. File Room, Vault, etc 

f. Reception Room 


Post Office 

a. Lobby 

b. Sorting, Mailing, etc 

c. Storage, File Room, etc 


Professional Offices 

a. Waiting Rooms 

b. Consultation Rooms 

c. Operating Offices 

d. Dental Chairs—600 watts per 
chair 


ment r te e-0 ap iti0 incandescent 


CONSTRUCTION AND MAINTENANCE 


Railway 

a. Depot —Waiting Room 

b. Ticket Offices —General 
On Counters 50 watts per 
running foot 

c. Rest Room, Smoking Room 

d. Baggage, Checking Office 

e. Baggage Storage 

f. Concourse 

q. Train Platform 


Restaurants, Lunch Rooms and 

Cafeterias 

a Dining Areas 

b. Food Displays—50 watts per 
running foot of counter (in 
cluding service aisle.) 


S« hools 
a. Auditoriums 
If to be used as a study hall 
5 watts per sq. ft 
Class and Study Rooms 
Drawing Room 
Laboratories 
Manual Training 
Sewing Room 
g. Sight Saving Classes 


Show Cases—25 watts per run- 
ning foot 


Show Windows 

a.*Large Cities 
Brightly Lighted District 
700 watts per running foot 
of glass 
Secondary Business Loca- 
tions— 500 watts per running 
foot of glass 
Neighborhood Stores—250 
watts per running foot of 
glass 

b.*Medium Cities 
Brightly Lighted District 
500 watts per running foot 
of glass 
Neighborhood Stores—250 
watts per running foot of 
lass frontage 

c.*Small Cities and Towns 
300 watts per running foot 

of glass frontage. 

d, Lighting to Reduce Daylight 
Window Reflections—1000 
watts per running foot of 
glass 


*Wattages shown are for white light with 


incandescent filament lamps. Where color 
is to be used, wattages should be doubled 


Stores, Large Department and 
Specialty 

a. Main Floor 

b. Other Floors 


Stores in Outlying Districts 


Wall Cases—25 watts per run 
ning foot 





tribution more 


in the case of 


centers, one or 
branch circuits (a 
plug in 
taps to a feeder) or 


of these. 


busway or motor circuit 


a combination 


LIGHTING FEEDER is a feeder 
which is 
lighting circuits 


to a load primarily made 


up of 


POWER FEEDER jj 
a load of 
ower 


a feeder to 
motor and/or heating o1 


branch circuits 


SUBFEEDER is a set of con- 
ductors originating at a distribu- 
other the main 
distribution center and supplying 


tion center than 
one or more branch circuit panel- 


boards or branch circuits 
SWITCHBOARD i 
ingle 
of 
current 


large 
frame or 
with 


panel, assembly 


panels, switches, over- 
other 
usually 


the front 


and protective de 
instruments 


the 


vices and 


mounted on and/or 





CODE TABLE ON GENERAL LIGHTING 
UNIT LOADS AND DEMAND FACTORS 





COL. A 
Unit Load 
Per Sq Ft 

(Watts) 


Type of 
Occupancy 


COL. B. 
Load to which 
Demand Factor 
Applies (Watts) 


Demand 
Factor 





Armories and 


Auditoriums 


Total Wattage 100 % 





Banks 


Total Wattage 100% 





Barber Shops and 


Beauty Parlors 


Total Wattage 100% 





Churches 


Total Wattage 100% 





Clubs 


Total Wattage 100% 





Court Rooms 


Total Wattage 100% 





Dwellings — (Other 
Than Hotels) 


3,000 or less 
Next 117,000 
Over 120,000 


100 % 
35% 
25 %o 





Garages — Commercial 


(Storage) 


Total Wattage 100% 





Hospitals 


50,000 or less 
Over 50,000 


40% + 
20% 





Hotels, including apartment 
houses without provisions 
for cooking by tenants 


20,000 or less 
Next 80,000 
Over 100,000 


50% 4 
40 % 
30 % 





Industrial Commercial 
(Loft) Buildings 


Total Wattage 100 % 





Lodge Rooms 


Total Wattage 100 % 





Office Buildings 


30,000 or less 
Over 30,000 


100% 
70% 





Restaurants 


Total Wattage 100% 





Schools 


Total Wattage 100% 





Stores 


Total Wattage 100% 





Warehouses Storage 


12,500 or less 
Over 12,500 


100% 
50 % 





In any of above occupan 
cies except single-family 
dwellings indi 
vidual apartments of 
multi-family dwellings 
Assembly Halls 
and Auditoriums 
Halls, Corridors, Closets "y 
Storage spaces “, 


and 


Total Wattage as specified for 
the specific occupancy 





TFor sub-feeders to areas in hospitals and hotels where entire lighting is likely to be used at 


one time, as in operating rooms, ballrooms 


shall be used 


“Small Appliances. The small opplianc« 


computed branch circuit load for receptacle outlets in other than dwelling occupancies 
the allowance is not more than 1%) amps per outlet 


dining rooms 


load 


etc., a demand factor of 100% 


specified in ond the 
for which 
may be included with the general lighting 


sub-paragraph c.-! 


load and subject to the demand factors in paragraph a of this section 


NOTE: 


The figures in this table are bare minimum, at 100% pf. No provision for load growth is made 


in these valves 


100 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


pac k. 
accessible 
as from 
intended 


nets. 


Switchboards 
from the 
the front 
to be installed in 


are generally 
back as well 
and are not 


cabi 


PANELBOARD is a single panel 
or group of panel units assembled 
the form of a single panel. It 
by 


switches, 


contains buses tapped fuse 


holders, with or without 
breakers, 
protection and, if switches or cir 
t breakers 
control of 


or by circuit providing 


used, switen 
light, heat 
circuits may be 
subfeeders. A 
designed to be 


are 


‘ ii 
circuits for 


These 


circuits or 


power 
branch 
panelboard is 
placed in a cabinet or cutout box 
wall or 
partition and accessible only from 


placed in or against a 


the front 


Minimum Sizing of Feeders 


Feeders and  subfeeders 
to sufficient 
to the circuits they supply 


size of a 


are 


sized provide power 
Selec 
tion of feeder de 
pends upon the size and nature of 
the known 


branch 


load computed from 
the 


requirements 


data, antici- 
load 
and voltage drop. This represents 
of the most important en 
gineering tasks in electrical de 
ign work. Economy and efficien¢ 

of system and 
nance depend heavily on the sele 


circuit 
pated future 


one 


operation mainte 
tion of the proper size of feeders 

Experience with today’s electri 
cal modernization work has revealed 
the bottle- 
neck in rewiring old buildings and 
sO old. In 
the cost of bring- 
the 


modern 


feeder capacity as big 


even some that are not 
those buildings, 
the 


ystems 


capacity of electrical 
to 
requirements would be considerably 
less if 


had been based on sound study of 


ing 


up meet load 


original design of feeders 


known and anticipated future loads 
All of thi 


importance 


experience confirms the 
of 
utilizing 


careful sizing of 


feeders, calculations re 
lated to the particular conditions of 
the job and not just a mechanical 
procedure of adding up load watts 
by volts to get re 
quired current carrying capacity. 

According to the 
sized to carry a computed load 
which is the 


all branch circuit loads supplied by 


and dividing 


code, feeders 
are 
not less than sum of 
each feeder, with certain qualifica- 
tions: 

For 


feeder must have capacity to carry 


general illumination, a 


MAY 


1956 
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Feeder Loads for Air Conditioning 





Type 


Building Low 


Watts per Square Foot of Floor 
of Area of Conditioned Space 
Average 


Basic Formula for Calculating Required 
Feeder Carrying Capacity 





High 





Banks 4 
Department Stores 

Basement 

Main Floor 

Upper Floors 
Hotel Guest Rooms 

(per room) 
Office Buildings 
Office Suites 3 
Stores 2106 
Restaurants 10 
Theatres (per seat) 65 


i= 
5 7 K 


Load Watts 


__ Load Volt-Amperes 
se K XE 


1 for 2-wire dc or single-phase ac 
1.73 for 3-wire, 3-phase ac 

2 for 3-wire dc or single-phase ac 
3 for 4-wire, 3-phase ac 


1.5 2 
4 6 
3.5 5 
4to7 5to 10 
15 20 
75 80 


voltage between outside wire and neutral or, if no 
neutral exists, between any two line wires (volts) 


current in any line wire except neutral (amperes), 
which feeder must be rated to carry (check tables 
of conductor current ratings) 





the total load of 
circuit 


branch 
of the 
minimum 


lighting 
determined as part 
lighting design or a 
branch load 


square-foot basis 


circuit determined on 
a watt 
the 
the code 
in the la table may 


be applied to the total branch cir 


pel from 
2203 of 


The demand factors 


table viven in ection 
yiven 


t column of thi 


cuit load to get required feeder ca 
pacity for 

If show 
plied by 


lighting 


window lighting is sup 
the feeder, capacity must 
be included in the feeder to handle 
200 watts for each linear foot of 
how-window length 
In ingle family d velling , in in 


dividual apartment of multi 
with 


tenants or 


family dwelling provision 
for cooking by 
vith a erving 


1500 watts, to 


in a hotel 
uite pantry, at 
least handle the 
small appliance load in kitchen and 
added to the 
load, subject to 
factors given in the 
table 

In other 
cles, the 


dining areas, must be 


general lighting 
the demand 
unit-load 
than dwelling o 

load 
which 
were 


ipan 
branch for 
outlet 
than 1 


per outlet may 


cireult 
for 
amps 


receptac le not 


more allowed 
be added to the gen 
eral lighting load, subject to the de 
factor 


Feeder 


mand 


capacity must be allowed 


for electric cooking appliances, 


rated accordance 
10 of the 
the 


SO0O0 watts 


over 1? kw, in 
with Table 29 ir 


code In 


Chapter 


most cases, feeder 


must have a capacity of 
for a single electric range 
For fixed appliance than 
equip 
ment, feeder capacity must be 
vided for the sum of 
and the total load of 
such appliances reduced by 
a demand factor of 75 From the 


total load represented by the fore 


other 


ranges and space heating 


pro 
these loads 
four or more 


may be 


going particular loads, the required 


102 ELECTRICAL 


ize of feeder conductors is deter 
mined by 


watts by 


dividing the total load in 
the the 
hot leg and the neutral in the case 
the 


le ys in 


voltage between 
of a 2-wire feeder, by 
the two hot 


case of a 3-wire, single-phase 


voltage 
between the 
feeder 
or by the square root of three, time 

the voltage between two phase legs 
2 


in the case of 3-wire or 


i-wire, 3 
phase feeders from either a wye- or 
delta-connected source. If power 
it should 


the denominator in 


factor is other than unity, 
be ineluded in 
all of these calculations 

If motor loads are supplied by a 
feeder which also supplies lighting 
and appliance loads as described 
above, Article 430 of the code (sec- 
1314, 4315 1316) 


required capacity which 


gives 
the 
include to handle such 


tions and 
the 
feeder must 
load Ss are 


this 


a feeder sup 


Feeders to motor 
detail 


Capacity of 


loads, 
covered in later on in 
ection 
ply inp fixed electrical pace heating 
the 
basis of a load equal to the total 
load on all branch cir- 
erved from the feeder. Under 
condition ot 


equipment is determined on 
connected 
cults 
intermittent opera 
tion or where all units cannot oper- 
ate at the same time, permission 


may be granted for use of less than 


100 demand factor in 


sizing the 
feeder. 

It should be noted that all of the 
foregoing are general requirements 
of the code 
conditions. 
true of the 


square-foot, 


and cover minimum load 
This is 
unit loads 
given in 


particularly 
of watts-per 
the table, 
which are based on 100 power 


And 


41Ze 


factor determination of 


feeder solely on the basis of 
code requirements provides no rela 
tion to particular operating condi 
tions in an occupancy or any al 
for future 
load served by the feede1 


growth in the 
Altho 


lowance 


ign 


CONSTRUCTION AND MAINTENANCE 


feede) 
which can be 
the 
sizing, 

practice carefully 
such 


there are certain applica- 


factorily 
indicated 


tions Sati 
sized by use of 
method of 


design 


code 
modern feeder 
incorpo- 
rates factors as voltage drop, 


detailed 


watts-per-square-foot 


power factor, analysis of 
realis- 


tic and studied application of de 


loads, 
mand factors and provision of sub- 
tantial spare capacity as required 
in each case. 


Adding Circuit Loads 


In the 


cuits,” 


“Branch Cir- 
for 


type of 


section on 
procedures were given 
determining varlou 
branch circuit load general light 
ing, local lighting, fixed appliance, 
pecial receptacle circuits and gen- 
eral-use convenience receptat le 

and for determining the number of 
the 


lighting 


circuits to handle loads. 
Whether 


determined on a 


general circuits 


were watts-per- 
from a light- 
layout, the amount of 
illumination is 
load 
feeder, 


square-foot basis or 
design 
for 
known, and capacity for thi 
the 
modified by the applicable demand 
from the table in se 
Other circuit loads 
local and/or special lighting, moto 


iny 
load general 


must be designed into 


factor tion 
2205. 


such as 


loads, electric cooking appliances 
and fixed appliances 
known 


counted 


are also gen- 


erally loads and can be ac- 


for in a feeder. Loads for 


convenience receptacle circuits and 
the 
known 


sizing a 


panelboard, 
and must 
feeder 


pare circuit In 
however, are not 
be estimated in 
the 
the 


panelboard can be 


From known and estimated 


; 


feeder load to a 


determined a 


loads, initial 
follows: 

l. Fo 
circuit supplying general lighting, 


allow watt the load on 


each multi-outlet branch 


equal to 





loading of cir 
c ommended, al- 
low ear h 2-wire, 120- 
volt 15-ar 1200 watts for 


> | ‘ : 14 


900 


each 20-amp cir 
cult; 1800 watts for 2-wire, 
120-volt 20-amp circuit 


it: 2100 watts 


for each 2-wire, 277-volt 


each 


15-amp 


) 


for each 2 


wire, 
cult: 4200 watt 


volt 30-amp 


i¢ pl iv 


circuit, allow 


i 3 the watts rating 
of the cir 


loaded 


ich circuits were 
apacity, or allow 
load value of 
in branch cir 
nimum watts 
rece ptac le cir- 
i1umber of out- 

120 volts. 
outlet branch 
duty lamp 
li o the 


load on 


branch 


used in 
The 
for 


mini 
mum each 
equal the 


number of outle mes 5 


heay v-d 
amps, 
times t 


branch 
fixed appliance, 
the rating of 

al bran h 
cook 
equal to 
Table 29 in 


tric 
appliance, a vatt 


tne watt yivel 


Chapter 10 of the de for the par 


ilar size of cooking appliance 
idual 


motor, 


branch 

allow 
nes the motor 
m code Table 
Lo tne hor se 
t the cir 


masse motor 


imes 


rancn circuit sup 
ne motor, allow 
ing prod 

the full-load 
highest rated 

e sum of the 
ngs of the 


multiply the 


ELECTRICAL 


ircuit volts. 
1ust be multi- 
plied by sy get the 


it-ampere , t tor 


Again, thi 
correct 
3-phase 
motors 
9 For 


provided in 


each Spare branch circuit 


the panelboard, allow 
equal to the 
above ror multi-outle 


lighting 


values given 
general 
branch cire { See 


fi re 


going par. | 
Initial Feeder Load 


adding ratings, total 
vhich is the 
load Of course, the 


com 


initial feede 


majority of feeder l ed in 


al and industrial 
will serve only a few of 
load And 
feeders in different buildings will 
handle ‘ 
load 


220): 


mercial, institutior 
buildings 
the above described 
different « 
Although the table in section 
limited use 


ymbination of 


allows of demand 


factors for general lighting cir 


cults and multi-outlet 


tacle 


design 


plug 
the 


upancies re 


recep 
circuits, reducing feede1 
load, most oe 
demand factor of 
the total load 
by adding up the circuit 

The total 
represent 
on for 

ire utilization of the 


quire a 100 


applied to obtained 
loads 


load obtained above 


only the present provi 
loads 


pare Ca 


branch circuit 


designed into the branch 


they are loaded only to 


has not yet been accounted 


for in the feeder And no provision 


ha been de 
the 


the maximum 


igned into the feede1 
to meet fut ire po ibility ot 
ceeding capacity 


of the panelboard itself, Certainly, 


the light of present experience 


ctrical modernization 


there 
littl 
‘veal 
laking such a 

\ 4 


capacit NO 


mo CusE 





Aluminum Conductors 





The 


feeders (in the larger sizes of cables) 


use of aluminum cables for 
can often effect substantial economies 
Note 


1 of the National Electrical 


in material and installation costs 
1 to Table 
Code comments on the sizing of alu 
minum conductors as 


“For 


follows 
aluminum conductors the 
allowable current-carrying capacities 
shall be taken as 84% of those given 
in the table for the respective sizes of 
copper conductor with the same kind 


of insulation 





CONSTRUCTION AN MAINTENANCE 


but there is such a possibility; and 
only careful consideration of the 
nature of electrical utilization in a 
particular occupancy will accurately 
indicate possible future load re 


But 
electrical 


quirements certainly in all 


Cases of design some 


must be pre vided 


spare capacity 
in the feeders 
load 
feeders should begin with the spare 
the 
loaded to 


it can be assumed 


Allowance for growth it 


designed bran h 
For 
50° of capacity, 
that 
growth of each circuit 


capacity into 


circuits all circuits 
there is an allowance for 
load by an 
amount equai to 30% of the circuit 
This allowance is based 
on the code limitation of 80° load 


in operation 


capacity 
on circuits which are 
for long periods of time or on cit 
supply motor-operated 
appliances in addition to other ap 
The 30 
each circuit 
to total 
the total 


cuits which 
pliances and/or lighting 
growth 
should 


figrure 


allowance in 
be converted 
added to 
feeder as calculated 
total then 
feeder 


watt 
and load 
on the above 
This 
the required 
handle the full circuit 
panelboard. The 
provide capacity in 


grand represent 
capacity to 
the 
next step is to 
the feeder foi 
anticipated load growth (plu 


load on 


some 


amount for possible unforeseen 


future requirement 
Spare Feeder Capacity 
rom experience, modern design 


the 


increase of at least 


practice dictates izing of feed 


ers to allow 
feeder where 
load 


Such analysi 


50 in load on a 


analysis reveals any growth 


possibilities depends 
upon the type of building, the work 
the 


management 


performed, plans or expecta 


tions of with respect 


facilities or growth 
the type of di 


ation of 


to expansion of 
of busine tribu 
tem used, low 


load 5. 
load condition 


tion sy 
centers of permanence of 


various and parti 


ilar condition Depend 
tudy of all of 
abilit of 


determined 


economik 
thorough 
factor 


ing upon 


these the advi 


spare capacity can be 


feeder in a distribution 
But tudy demand 
ra capacity in a feeder, 


allowance 


for each 


tem where 


; 
ey 


tantial growth 


is generally essential to 
the sought after economy of 
electrical expansion 


SKIMpy 


izing of feeder conductors or race 
nortcom 
, ee 


has proved a maj: 


past electrical de 


part liar] rue 





DC CIRCUIT CHARACTERISTICS 


Ohm's Law 
IR 


voltage impressed on circuit (volts) 
current flowing in circuit (amperes) 


circuit resistance (ohms) 


in direct current circuits, electrical power is equal to the product 
of the voltage and current 
Ee’ 
EI rR 
power ‘watts 
voltage (volts 
current ‘(amperes 


resistance (ohms 


AC CIRCUIT CHARACTERISTICS 


The instantaneous values of an alternating current or voltage 
vary from zero to a maximum value each half cycle. In the prac- 
tical formulae which follow, the “effective value” of current and 


voltage is used, defined as follows 


Effective value 0.707 


maximum instantaneous value 


Impedance 


impedance is the total opposition to the flow of alternating cur 
rent. lt is a function of resistance, capacitive reactance and in- 
ductive reactance. The following formulae relate these circuit 
properties 


1 ae! eee 
X), == Inf =". VR F &, — Xe) 


x inductive reactance (ohms 
x capacitive reactance (ohms 
impedance (ohms) 


frequency (cyles per second 


inductance (henrys 


resistance (ohms 


Z 
f 
Cc capacitance (farads 
L 
W 
mit 


3.14 


Ohm's Law for AC Circuits 


POWER FACTOR 


Power factor of a circuit or system is the ratio of actual power 
(watts) to apparent power (volt amperes), and is equal to the 
cosine of the phase angle of the circuit: 

actual power watts KW - 


PF “apparent power = Volts » amperes KVA = 


KW = kilowatts 
kilovolt-amperes volt-amperes 1,000 
PF power factor (expressed as decimal) 


SINGLE-PHASE CIRCUITS 
EI KW 

1000 PF 
P P = 

— ss | eR 


KVA KW = KVA PF 


Ex I X PF 


power (watts) 


THREE-PHASE CIRCUITS, BALANCED STAR OR 
WYE 


Is =I, / SE, = 1.73 €, 
0.577E 


current in neutral (amperes) 

line current per phase (amperes) 

current in each phase winding (amperes) 
voltage, phase to phase (volts) 

voltage, phase to neutral (volts) 


THREE-PHASE CIRCUITS, BALANCED DELTA 


1.732 X |, — 
J/3 


0.577 X | 


E, 


POWER: BALANCED 3-WIRE, 3-PHASE CIRCUIT, 
DELTA OR WYE 


For unity power factor (PF 1.0): 


P= Tee XE X 0 
P 0.577P 
JV SE F 


P = total power (watts) 


P _ 0.577P 
Jax ! 








For any load 
P 1.732 <1 x PF VA 
P 0.577 X P 
PF X 1.73 PF X | 
P _ 0.577 X P 
PF X 1.73 PF XE 
P 0.577 XK P 
WxIixe”©§©6©6tree 


1.732 X E > 











apparent power (volt-amperes) 
actual power (watts) 
line voltage (volts) phase to phase 


line current (amperes) 


POWER LOSS: ANY AC OR DC CIRCUIT 
2 PP - P 
PR ! Vr R= 


P = power heat loss in circuit (watts) 


1 = effective current in conductor (amperes) 
” conductor resistance (ohms) 
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cessary calculations for siz- 
these calculations, 
determination of the 
load, 
o distinguish between cir 
“watts” and 


When load 


factor 


building feeders. In 
and in the 


feeder dé sign 


riser he 
care should be 
? 
load values in 
se in “volt-ampere 
are in watt 


taken 


in volt-amperes do not 


power 
into consideration. 


adjusted by the powe1 


izing feeder conductors 


titial elec- ze of conduc related to 


mall office otal current values and must have 


and apart capacity to carry the current at 


should the given value of factor 


power 
uurse, at low power factor, the 

must nave more cur- 
arrying capacity to supply a 
load wattage than the 


at n igh pow ‘ 


ilar 


method 


in feeder loae f iItage drop must be carefully 


dered in zing feeder 
or According to the National 


al ¢ ode, Zé { if 


con 


feeder con 
that 
h circuit pan | 


must be such voltage 
» to the brane 
branch circuit 
than 3% for 
loads 


for lighting loads or 


or point of 

not more 
rv heating and not 
more than 1% 
ombined lighting, 


ads Local 


wer limits of 


and 
im- 
drop 


heating 


codes may 


voltage 


sign practice finds 1 for light 


ng loads and 2 for power loads 


va l! accepted voltage drop maxi- 


ve installed 


Calculation of voltage drop 


capacity in anv set of described 
table 


ulation, it can be 


feeders | 
From 
dete 
initialls 
will be 


for load yré n arranye n an accompanying 
must be thi cal 


ted to the 


ment 
mined if the conductor ize 


ed to handle the load 


care! 


adequat 


e to maintain voltage drop 


vithin given limit If it is not, 
the size of the 
until the voltage 


limit 


tne layout 
must be 
drop is 


anelboard conductors 


ymmodate ncreased 
tribution vithin prescribed 
pare 

Feeder Neutral Load 

mn 2203-¢ of the code cover 

izing the neutral 
feeder It state 
load shall 
maximum unbalance” of the 
load. “The maximum un 
d load shall be the 


nected load ‘tween the neutral 


lrements for 
if a 


‘the neutral feeder 


maximum 


ingrounded 


a 4-wire, 120-240 


con 
e feeder, the neu 


irrent car? 


Vee;ni 


eg and the 
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that 
connected 


should be noted 
240-volt 
between the two hot legs, do not 
place any load on the neutral, As 
a result, the neutral conductor of 
such a feeder must 
make up a 2-wire 120-volt circuit 
with the more heavily loaded hot 
leg. Actually, the 120-volt circuit 
loads on would be 
the neu 
same size 


tral It 


straight loads, 


be sized to 


such a feeder 
balanced on both sides of 
tral be the 

as each of the hot legs if only 120 
volt loads were supplied by the 
feeder. If 240-volt 
supplied, the hot legs 

ized for the total load 
for only 120-volt 


2203-2 


which would 


loads were also 
would be 
and the 
neutral loads 


section contains two 
for sizing neutral 


first of 


other conditions 
The 
elect ric 


conductor these 


refers to range loads of 


second refers to 
feeders of three or more 
When a _ feeder supplies 
the neutral eonductor must 


feede and the 

wires, 
electric 
ranges, 
have a carrying capacity at least 
equal to 7 of the current capac 
ungrounded 
Table 
29 in Chapter 10 of the code gives 
the demand loads to be used in siz 
which 
other 


ity required in the 
conductors to handle the load 


electri 
cooking appli 
For feeders of three or more 
3-wire, de; 

and 4-wire, 

a further demand factor of 70% 
may be applied to that portion of 
load in 


ing feede supply 


ranges and 
ances, 
conductors 3-wire, 


single-phase ; 3-phase 


the unbalanced excess of 
200 amps. That is, in a feeder sup 
plying 120-volt 


divided between 


only loads evenly 


each ungrounded 
conductor and the neutral, the neu- 
tral conductor must be the same 
ize as each ungrounded conducto1 
up to 200 amps capacity, but may 
the 


loads 


be reduced from the size of 


ingrounded conductors for 


above 200 amps by adding to the 


200 amps only 70% of the amount 
of load current above 200 amps in 
computing the size of the neutral 
It should be that this 70% 
demand applicable to the 
unbalanced load in 200 
total 
may be 
load 
Deter 
required neutral cur 
often 


vector analysis of 


noted 
factor 1s 
CXCECBER of 
amps and not simply to the 
load, which in 


made up of balanced 240-volt 


many Cases 


or straight 3-phase loads 
mination of 
rent carrying capacity can 
be facilitated by 
the particular 


conditions involved 


\nother frequently discussed 
is that of section 
the use of a 


vith 


ode requirement 


4204, covering com 


neutral more than one 
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Unity Load Power Factor, Negligible Reactance in Conductors 


circuit volrage 


total resistance 
of circuit conductors 


resistance of non 
inductive (unity 
pf) load 


circuit current 


Voltage delivered to load 
Wattage delivered to load 


200-20 
xR, 


200 


71 18 10 amps 


Voltage drop 


in conductors 1xR, 


10x2 20 volts 


Copper loss 
in conductors xR, 
(10)? x2 


100 x 2 200 watts 


% Voltage drop 10% 


20 
200 


180 volts 


100 x 18 1800 watts 


Less Than Unity Power Factor of Load, Negligible Reactance 
in Conductors 


Load with 
16m A PF 


circuit voltage 


total resistance of 
circuit conductors 


resistive component 
of load 


reactive component 
of load 


impedance of load 


circuit current 


Z= V iR,)* + (XL)? 
Z? = (R,)? + (X,)? 
(20)? = 400 = (R,)? 


R 
but, pf = 0.8 — 


then, R, 20x 0.8 16 ohms 


and, (X,)? 400 —(16)? 144 
xX, 12 ohms 
Total Z ee Oe 
of circuit \V/ (R, + Ry)? + (X,)? 
V (18)? + (12)? 
21.6 ohms 
200v 
then, | 316 9.3 amps 
Voltage drop 
in conductors 


93x2 


IxR, 
18.6 volts 


Copper loss 
in conductors 
86.5 x2 


Px, 
173 watts 


Apparent % 


18.6 9.3% 


4 PF = 100% 


When the load power factor is unity and the 
conductor reactance due to seif-induction is 
negligible, calculation of voltage drop in the 
circuit and copper loss due to heating effect 
of current in the conductors follows the 
standard relations between current and volt- 
age. The supply voltage is equal to the 
arithmetic sum of the voltage drop in the 
conductors and the voltage across the load 


Copper loss in watts is a straight “I-squared 
R” loss, 


¢ PF < 100% 


When the load power factor is less than 
unity and the conductor reactance is negli 
gible, the straight arithmetic relations among 
the circuit conditions no longer obtain. It 
should be noted that although a conductor 
voltage drop of 18.6 volts exists, the load 
voltage is equal to 9.3 amps times 20 ohms 
or 186 volts. The real loss (or drop) in volt- 
age to the load is only 14 volts (200 volts 
minus 186 volts). The 18.6-volt drop is only the 
voltage across the resistive conductor load, 
which differs in phase from the voltage across 
the reactive load device fed by the circuit. 
Although the arithmetic sum of the two 
voltages is 204.6 volts (186 volts plus 18.6 
volts), correct vectorial addition of the two 
voltages gives the 200-volt value of the 
supply. The significant percent voltage drop 
is therefore different from the apparent value. 
Copper loss, however, remains a simple 
“\-squared R” loss. 


voltage drop 300 


Voltage delivered to load = |xZ = 9.3x20 = 186 volts 


. 14 e (Values used in these examples were as- 
Significant % voltage drop “200 7s sumed and chosen to make simple calcula 
tions) 
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Two-Wire DC Circuits: Two-Wire, Single-Phase Circuits: (Inductance Negligible) 


| a an a ae . . Same calculations as for 2-wire de circuit 
ae a ae 
d 
Three-Wire, Single-Phase Circuits: (Inductance Negligible 
drop in circuit voltage (volts 


Same calculations as for 3-wire dc circuits 
resistance per foot of conductor (ohms/foot 


current in conductor (amperes 


Three-Wire, Three-Phase Circuits: (Inductance Negligible) 
one-way length of circuit (feet 


Same calculations as for 2-wire de circuit carrying the 
cross-section area of conductor (circular mils 


same current, multiplied by 0.866 
resistivity of conductor metal (cir. mil-ohms/ft) (k 12 P y 
for circuits loaded to more than 50% of allowable carry 2k x I 


xt 
——;—— X 0.866 
ing capacity; k 11 for circuits loaded less than 50% d'’ 


Three-Wire DC Circuits V = voltage drop of 3-phase circuit 
oe V 


¥ a 2 


Four-Wire, Three-Phase Balanced Circuits: 
drop between outside conductors (volts Inductance Negligible) 
drop between one outside conductor and neutral (volts) For lighting loads: Voltage drop between one outside con- 


current in more heavily loaded outside conductor ductor and neutral equals one-half of drop calculated by 


amperes formula for 2-wire dc circuits 


one-way length of circuit (feet) 


cross-section area of conductor (circular mils For motor loads: Voltage drop between any two outside 


resistivity of conductor metal (cir. mil-ohms/ft) conductors equals 0.866 times drop determined by formula 


Use same values of k as in 2-wire circuits above.) for 2-wire dc circuits 


(See Voltage Drop Tables in BRANCH CIRCUIT Section) 





at 


set of feede This section says neutral is a single neutral con- not operating together—-when the 
that “A common neutral feeder ductor used as the neutral for more authority enforcing the code deems 
may be employed for two or three than one set of feeder conductors. the conditions and operating char- 
sets of 3-wire feeders, or two sets It must have current carrying ca- acteristics suitable for reduced ca 
of 4-wire feeder ” It further pacity equal to the sum of the neu pacity feeders. 

states that “When in metal enclo- tral conductor capacities if an in- 

sures, all conductors of feeder cir dividual neutral conductor were Voltage Drop 

cuits employing a common neutral used with each feeder set. A com- 


: . Voltage drop and copper loss 
feeder shall be contained within the mon neutral may be used only with 


- é must be carefully taken into con 
same enclosure A common feeders, never with branch circuits. ‘ ‘ ’ a : 

sideration when sizing motor feed 

ers. The design percentage of 

tolerable voltage drop may vary 

Motor Feeders with the particular operating con- 

ditions and layout of the motor 

loads served but must never exceed 

Article 430 of the code covers of feeder conductors supplying a 8% drop from the service entrance 

general requirements for motor ingle motor must at least be equal to the point of origin of motor 

feeders. Design of motor feeders to 125% of the full-load current of branch circuits. 

must conferm to these code require- the motor. 


However, a maxi 
mum voltage drop of only 2% is 
ments and must incorporate con- 3. The current-carrying capacity widely used and recommended for 
siderations of adequacy, flexibility, of feeder conductors supplying a motor feeder design, Calculation 
voltage drop and safety. Basic siz- motor load and a lighting and/or of such voltage drop should include 
ion of feeder con- appliance load must be sufficient to consideration of reactance as well 
ductors involves the following pro handle the lighting and/or apppli as resistance in the feeder con 
cedures ance load as determined from the ductors, as both contribute to the 

1. The current-carrying capacity procedure for calculating size of drop. And power factor must be 
of feeder conductors supplying lighting feeders, plus the motor accounted for in these calculations. 
several motors must at least be load as determined from the previ 


ing and protect 


Voltage drop in a feeder must 
also be analyzed in terms of the 
number of motors supplied, the size 
the sum of the full-load currents of factors for motor feeders—based of each motor 


equal to 125% of the full-load cur- ous paragraphs 
rent of the highest rated motor plus The code permits use of demand 
and the operating 
the other motor ipplied by the on reduced heating of conductors duty of each. When a number of 
feeder ipplying motors operating inter- motors might be starting simul- 
2. The current-carrying capacity mittently or on duty-cycle or motors taneously or several motors driving 
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sluggish loads might be started at 
or near the same time, the voltage 
drop in the feeder could be extreme 
for the 
high load current. Of course, such 
conditions and analysis of them 
will often clearly indicate further 
adjustment of 
feeder loads, selection of types of 


unless its size accounted 


sub-division or 


such as wound rotor 
straight 
starting current—and selec- 
tion of the best types of controllers 
to use. The initial value of starting 
current—the locked-rotor current 

must be used in studying the ef- 
fect of motor loads on voltage drop. 


motors to use 
instead of 
limit 


induction to 


motor feeders 
the watts lost in the conductors due 


Copper loss in 


to heat developed by current flow 
through the conductors 
the drawn 
the times the 
total resistance of the conductors. 
This may frequently be sub- 
stantial even when the voltage drop 
in the feeder is within recom- 
mended limits. For this reason, all 
voltage drop studies and calcula- 
tions should include 
of further 
size 


equals the 
square of total current 
through conductors 


loss 


consideration 

increasing conductor 
that necessary to limit 
voltage drop—in order to limit cop- 
per Power related 
to these matters as shown in accom- 
panying formulas and calculations. 
Through all such design work, it 
should remembered that the 
values for motor running currents 
given 


over 


loss factor is 


be 


in code tables and on name- 
plates are actual values of current 
drawn from the line when the pre 
scribed voltage is impressed across 
the motor terminals, These values, 
which are used in sizing conductors 
and other circuit equipment, are 
also the values used in voltage drop 
and and 


power 


calculations 
for 
motors. 


copper loss 
need no 


factor of 


adjustment 
the individual 


Overcurrent Protection 


Overcurrent for a 


feeder to several motors must have 


protection 


a rating or setting not greater than 
the largest rating or setting of 
branch circuit protective device for 
any motor of the group plus the 
sum of the full-load currents of the 
other motors supplied by the feeder. 
If two or more motors of equal 
horsepower rating are the largest 
in the group, these should 
be considered as the largest for the 
calculation of feeder overcurrent 
protection. It should be noted that, 


one of 


108 


in large capacity installations 
where extra feeder capacity is pro- 
vided for load growth or future 
changes, the feeder overcurrent 
protection may be calculated on the 
basis of the rated current-carrying 
capacity of the feeder conductors. 
In some cases, such as where two 
or more motors on a feeder may be 
started simultaneously, feeder con- 
ductors may have to be larger than 
usually required for feeders to 
several motors. In such cases, cor- 
respondingly larger ratings or set- 
tings of feeder overcurrent protec- 
tion may be used. 


Protection for a feeder to both 
motor loads and a lighting and/or 
appliance load must be rated on the 
basis of both of these loads. The 
rating or setting of the overcur- 
rent device must be sufficient to 
carry the lighting end/or appliance 
load plus the rating or setting of 
the motor branch circuit protective 
device if only one motor is supplied, 
or plus the highest rating or set- 
ting of branch circuit 
device for any one motor plus the 
sum of the fu'l-load currents of the 
other motors if more than 
motor is supplied. 


protective 


one 


Switchboards and Panelboards 


In modern buildings, feeder dis- 
tribution centers provide for pro- 
tection and control of feeders to 
various loads. In 3-phase, 4-wire 
systems, both lighting and power 
feeders may originate from a 
single distribution center. In those 


systems using separate power and 
light services, a separate distribu- 
tion center is generally used with 
each type of feeders. Modern dis- 
tribution centers for lighting and 
appliance include dead- 
front panelboards and dead-front 


feeders 





Assuming resistivity of conductor metal to be as follows, 


K 12 for circuits loaded to more than 50% of their allowable current-carry- 


ing capacity, or 


11 for circuits loaded to less than 50% of their allowable current-carry- 
ing capacity 


the power lost as heat due to flow of current through a conductor may be found 


from the formula 


P power lost in the conductor (watts) 

K resistivity of conductor metal 
(circular mil-ohms/foot) 

I current in the conductor (amperes) 

L length of the conductor (feet) 


CM 


cross-section area of the conductor in circular mils 


For a 2-wire circuit (direct-current or single-phase): 


2 


CK XLXP 





P= 


CM 


For a 3-wire, 3-phase circuit (assuming balanced load): 


P= 


KXLXFP 





in which, P 


CM 


power lost in the circuit (watts) 


K resistivity of conductor metal 

(circular mil-ohms/foot) 
I current in each wire of the circuit (amperes) 
L one-way length of the circuit (feet) 


CM 


= cross-section area of each of the wires in circular mils 


When the resistance of conductors is determined from a table, the copper loss 


is calculated from the relation 


P= ER 
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writ 
switcnboard 


Feeders are tapped 
through fused sv circuit 


breakers buses in 


itches or 
such 
distributio Distribution 
supplied by the 
ices to buildings and 
main 


; 


centers are usually 
service or ser’ 
the 


the 


contain 
This is 


ment in 


service switches. 


most common arrange- 


commercial and institu- 


tional buildings. In indu 


trial bu 


many 
ildings, feeder distribution 
centers from 
step high-volt- 


distributior to 


may De supplied 


transtormers lich 
age 
levels 


Selec tion of 


utilization 


iitable panelboards 
and/or switchboards for feeder dis- 
tribution is based on 
Manufacturers of 


offer a 


many factors 
such equipment 
literature 
the 


ation 


weailt! and 


technical data on character 


Istie and applic 


different 


advantages 
of the 
fi ede} 


equipment, con 


types. In selecting 


; 


disconnect and _ protection 
should be 
this 
the 


requirements 


ideration 


given to spare capacity in 


equipment Depending upon 
anticipated future 
and the 


pacity 


manner in which extra ca- 
was included in the feeders, 
hould De 


and/o) 


space provided in switch 
panelboards 
circuit 


installation 


boards feeder 


for additional vitches or 


breakers or for future 
of larger switching and protection 
And design of the distribu 


tem mu integrate all pro- 


for future expan 


This 


pare 


ion ol 
feeder 
the 


duit, 


capacities includes 


routing feeder con 


accessibility to feeder race 


W 


all 


ducto1 , @ase of 


iy in which capacity has been 


owed for increase in feeder con- 
connections in the 
switching and 
blie (on 


switchboard ind 


protection assem 


struction = of modern 
feeder panel 
commodate all of 
for load 


selection of 


board will a 


these design provisions 
growth. Care in the 
the 


protet 


proper type of witching and 
with 


for 


tion emblies buse 
future 


stem—is e 


of sub capacity 

expan 

sential to nomy of distribution 

design, 
Modern 


and 


commercial, institutional 


industrial 


buildings generally 


utilize dead-front switchgear of 


sectional construction. The assem 


bly may ised switches in 


contall [ 


safety-type unit enclosures or unit 
Selection of 


volt- 
rating, number 


. ‘ 
Cireul 


witchgear will depend upon 
ampere 
ind short-circuit rating. 
vitchgear may be 


type, whi h 
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From the code tables of current-carrying capacities of various sizes of conductors, it con be seen 
that small conductor sizes carry more current per circular mil of cross section than do large 
conductors, This results from rating conductor capacity according to temperature rise, The larger 
a cable, the less is the radiating surface per circular mil of cross section. Loss due to ‘skin effect” 
(apparent higher resistance of conductors to alternating current than to direct current) is also 
higher in the larger conductor sizes. And larger conductors cost more per ampere thon smaller 
conductors 

All of the foregoing factors point to the advisability of using a number of smaller conductors in 
multiple to get a particular carrying capacity, rather than using a single conductor of that capacity 
In many cases, multiple conductors for feeders provide distinct operating advantages and are 
more economical than the equivalent-capacity single-conductor makeup of a feeder 

The following table and data represent one studied approach to the possible merit of multiple 


conductor power circuits. Any electrical designer can work out such data for his own use 


POWER FEEDER SPECIFICATION DATA 





Dollars Per 
Dollars Per Rating 100 Feet 
100 Feet NE Code Per Unit P 


1% $136.00 70 $68.00 
1% 151.00 95 50.30 
189.00 110 51.10 
237.00 125 51.50 
260.00 145 47.20 
286.00 165 43.40 
342.00 176 46.30 
356.00 195 46.30 
421.00 255 51.40 
378.00 200 41.10 
532.00 310 56.00 
468.00 232 42,50 
622.00 380 56.60 
472.00 231 42.20 
521.00 264 19.50 
526.00 262 38.10 
586.00 312 38.00 
755.00 408 46.00 
634.00 104 38.40 
713.00 146 36.00 
4 848.00 410 36.70 
4 1085.00 535 44.30 


Cost in Ampere 


Cables Conduit 
Per Phase Size 


Economic 
Cable Size 
Choice 





w 
sooocco 
Wwwewweunww ww w~ 


v 


4 
2 
2 
3 
4 
2 


24.5 


w 
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Wiring in steel conduit for up to 600-volt three-phase 30 C ambient NE Code ratings 

Size 250 MCM and above 
rating. 

Below 250 MCM 


Heat and moisture resistant rubber type cable insulation with 75¢ 


Thermoplastic cable insulation with 60 C rating 


A Preferred B Second Choice C 


Uneconomical 


A suitable unit for comparing the perform 


ECONOMIC PERFORMANCE 
OF FEEDERS IN STEEL 
CONDUIT 


ance of cables is P 


P Lx! 


which is defined as (1) 
dVx1000 

l feeder length in feet 

| load current in amperes 
dV feeder voltage drop 


3-2/0 6 2-250 (1000 is included for brevity) 
Ba 2 
; i, t w?-4/0 Based on the average valve of lood power 
5 WO.4/0 
< 
wi 
ay Ae, 


é ad 
P | A-/ Coble per phase 


factor, 0.8 to 0.95, it can be assumed that 


¢ voltage drop in a feeder is equal to the im 


pedance drop, so that dV in Equation (1) be 


6.2 Cottes par phast 


Ly 4 ved comes LIZ 3/1000, Equation (1) then sim 


Bou , plifies to P 1/(ZV 3) 
"6 20M 2590 3550 500 ) 
4 2/0 4/ ohms to 


where, Z neviral impedance per 


1000 feet of feeder 


MOM 


The higher the valve of P the lower the voltage drop and power losses and the higher the 


extra capacity 





the 
directly to 
branch circuit 
to subfeeder distribution 


may be 
lighting or 


panelboards, 


the breakers are bolted to the bus ers from switchboard 


and frame, or of the draw-out type, carried 
in which the breakers are mounted power 
switch 

motor 


individual 


on a slide-out mechanism for easy 


discon- boards or 
the 
may be equipped 
for instrument 
metering 


removal or 
the 


Switchboards 


maintenance, panelboards, to 


necting breaker from bus control centers or to 


motor loads 
Feeder distribution 


with provisions 


transformers 


panelboards 


and Feed are also made in many sizes and 
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MOTOR FEEDERS AND MAINS 
EXAMPLE OF COMMON NEUTRAL AND REDUCED NEUTRAL , 

os t For motor feeders and mains, two values of load — the maximum- 

( Code sections 2204 and 2410) 

demand starting current and the maximum-demand running cur- 
rent — must be determined separately. Although the NEC allows 
use of the maximum-demand running current in determining size 
of conductors required to carry the current safely, it is better 
practice to use the maximum-demand starting current in sizing 


conductors, since the protection of the circuit can be provided 
3 No 6 RH 


against both straight overloads and short circuits. The maximum- 
1"C 


demand running current is used for determining circuit voltage 


drop. The maximum-demand starting current is used in determin- 
ing the proper size of protective equipment for the circuit. Aver- 
age starting currents of motors are given in Tables 26 and 27 of 
the NEC. Average full-load rated currents of motors are given in 

Tables 21, 22, 23 and 24 of the NEC. Maximum-demand starting 
a ye 3 Aa Ly and running currents for motor feeders and mains are deter- 
2"c, mined as follows: 


Starting current = |, + (DF X ly) 
(1.25 X Iv) + (DOF X |) 


starting current of largest motor 


(© onductors derated due 


Running current - 
' fo number in conduit 9 


where Is 


y ly = sum of full-load rated currents of all motors except 
6 No 4 RH,/No 
~ % Rw (Neutral) ; 
23c : 
DF = demand factor 


largest 


full-load current of largest motor 





Notes— Where a number of motors of the same size are the 
largest in the group, one of these motors should be 
taken as the largest for solution of the above. Permission 











for use of a demand factor must be obtained from the 
authority enforcing the Code. 











POWER FACTOR OF FEEDERS OR MAINS 


Feeder distribution pone! 


The power factor of a circuit supplying several motors is deter- 
3-wire, single 


phose mined as follows: 

1. For each motor, multiply its horsepower by its power factor 
at 75% of rated load. 
Add up these products for all of the motors. 
The sum obtained in “2” divided by the total horsepower 


connected to the circuit will give the approximate (but accurate 


Conductor sizes conform to 
reduced carrying capacities 

for more than three conductors 
in conduit 


enough for most calculations) power factor of the circuit. 











types, with either fuse or circuit motor branch circuits tapped from 
breaker protection for the feeders the feeder. 
or subfeeders originating in them. be 
Such panelboards 
used as the 
tion center in 


motor controller and motor running 
Motor subfeeders may overcurrent protection. It is a type 
carried to a motor control of switchboard which contains all 
generally center, to a power panelboard or the protective and control means 
feeder distribu- to individual motor branch cir- for the motors supplied from it 
small and medium cuits. A power panelboard is a_ Selection and application of power 
sized commercial and institutional fused-switch, circuit breaker or panels and motor control centers 


are 


main 


buildings and in some small indus- 
trial occupancies. In 
this will contain the 
service disconnect and protection. 
Article 384 of the code covers pan- 
elboards and switchboards, 


many cases, 
panelboard 


Motor feeders may be carried to 
a motor control center, to a power 
panelboard, to a subfeeder switch- 
board or panel or to individual 


110 


fuse panelboard from which motor 
branch circuits originate. It may 
provide simply protection for the 
branch circuit conductors or may 
also provide disconnect means for 
each motor load. A motor control 
center is a dead-front assembly of 
cubicles, each of which 
branch-circuit overcurrent 
tion, motor disconnect 


contains 
protec- 
means, 
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should be related to future require- 
ments. Such units must have neces- 
sary spare capacity in their buses 
and must be adapted to whatever 
change or expansion is anticipated. 
Layout of power panels and motor 
control should be related 
to voltage drop and the lengths of 
feeders versus branch circuits to 


centers 


motors. 


1956 





Laying Out Motor Feeders 


Layout of motor distribution sys- 
tems will depend upon the type of 
building, character- 
istics of the building and the num- 
ber, 


con str i tion 


sizes and types of motors to 

be served: 
Miscellaneous 

of 


tutional b iilding 


motor loads in the 


majcrity commercial and insti- 
in- 
cir- 
panels to which 
feeders deliver power. This type of 
method 
generally 
number of 
integral horse- 
fractional 


and in many 


dustrial buildings are usually 


cuited from powe1 


distribution is a standard 
of 
limited 
motors 


motor 
to 
of 

or 


circulting, 
handling a 
smal] 
power horsepower 
sizes, located in a relatively small 
area fan pump 
room. The feede rtoa power panel 


such as a room or 
may be a riser in a multi-story com- 
mercial 


run 


or institutional building, 
switchboard. 
In a one-level industrial area, the 
feeder to a power panel may be run 
from a main or load-center switch- 
board 
station 


tion 


from a basement 


from a load-enter sub- 
high voltage distribu- 

In commercial and 
industrial buildings, motor feeders 
may run main switch- 
load-center substation 


or 

in a 
system 
be from a 
board or a 


to a motor control center serving 


a large group of motors in a ma- 
chine room or in any compact area 
the relatively 
close together and close to the con- 
trol The motor 
control center contains all the con 
trol, disconnecting 
means motor circuits sup 
plied, 

In industrial buildings, where a 
large number of 


where moto! are 


center assembly 


protection and 
for tne 


used 
of 
individual motor loads 
the method of 
tapping motor branch circuits from 
the feeder. As wa 

of “Branch 


tapping a feeder to 


motors are 


large distribution 


the 


generally follows 


over a area, 


power to 


indicated in the 


discussion Circuits”, 


motor branch 


circuit may be done in several 


ways, | rovicing various 
iit 
motor 


com 


ination of branch cire over 


current 
trol 
feeder ir 


protection 
di 
such an 
originate from a 
load 


tor 


and con 


The 
arrangement may 


and connect means. 
main switchboard 
or from a 
In multi yuildings 
office building r instit 
to motor branch 
the 
subfeeder 


center substation 


such as 
itions taps 
circults on a par- 
ilar floor may be taken from a 

load- 
center switchboard which is fed by 


lain 


originat in 


switchboard 


in the basement. The feeder-tap 
method of supplying motor branch 
circuits is, of course, the basis for 
plug-in distribution to 
spread-out motor loads. In the sys- 
tem, the plug-in busway may be a 
subfeeder depending 
From a main 


busway 


feeder or 


upon its origin 


Load-Center 


Design of electrical systems for 


modern industrial varies 
with the nature of the ac- 
tivity. However, electrical distribu- 


tion within all industrial occupan- 


plants 
W idely 


cies has the same general objective 

to get required power to load de- 
vices as economically and efficiently 
Design of a distribu 
to 
ment in any plant or area is greatly 


as possible, 


tion system meet this require- 


affected by such considerations as: 
the importance of power continuity 


switchboard, it would be a feeder. 
From a switchboard, 
it would be a subfeeder. 


load-center 
However, 
from a load-center substation, the 
plug-in busway would be a feeder 
a secondary feeder derived from 
the transformation down from the 
primary feeder to the substation. 


Substations 


and the relation of power outages 
to production or processing opera- 
tions; economy of installation and 
operating costs; the flexibility re- 
quirements of the particular type 
of industrial activity; safety and 
protection of personnel and equip 
ment. Depending upon the condi 
tions and requirements in any case, 
of industrial distribu 
tion system may incorporate such 
modern load-center 
distribution from unit substations, 


design an 


techniques as 


A feeder supplies four motors as follows 
] 50 hp-squirrel-cage induction motor (full-voltage starting) 


] 30 hp-wound-rotor induction moto 


r 


2 10 hp-squirrel-cage induction motors (full-voltage starting) 

The feeder is a 3-phase, 440-volt, 60-cycle supply. 

From Table 24 of the code (see the section on BRANCH CIRCUITS), the motors 
have full-load current ratings as follows 


50-hp motor 
conductors 

30 hp motor 
conductors 

10-hp motor 
conductors 


63 amps 
39 amps 


14 amps — which requi 


which requires No, 3 R or No. 4 RH branch circuit 


which requires No. 6 R or No. 6 RH branch circuit 


res No. 12 R or No. 12 RH branch circuit 


The feeder conduciors must have a carrying capacity as follows 


1.25x 63 79 amps + 39 amps 
The feeder conductors must then be No. 


OVERCURRENT PROTECTION (From 


+- (2x 14 amps) 
3/0 Ror No. 1/0 RH 


146 amps 


Code Table 20) 


1. The 50-hp motor must be protected at not more than 80 amps for running 


overcurrent protection and not m 
circuit protection 


ore than 200 amps (fuse) for branch 


The 30-hp motor must be protected at not more than 50 amps for running 


overcurrent protection and not mor 
protection 


e than 60 amps (fuse) for branch circuit 


Each 10-hp motor must be protected at not more than 20 amps (non 


adjustable protective device) for r 


unning overcurrent protection and not 


more than 45 amps (fuse) for branch circuit protection 


FEEDER OVERCURRENT PROTECTIO 


] The maximum ratings of branch ci 
circuits are as follows (from Table 
50-hp motor 63 amps x 300% 
30-hp motor 39 amps x 150% 
10-hp motor 14 amps x 300% 
189 39 


14 14 


N (Code Table 27) 


rcuit fuses to protect the motor branch 


27) 


189 amps 
59 amps 
42 amps 
Maximum allowable size of feeder fuses is (from sec 


4362) 


256 amps, or 300 amp fuses 


The values obtained by these calculations ore minimum basic sizes and ratings required 


for the given lood. Use of circuit 
And voltage drop ond line losses would 


choice of equipment could also offect ult 


breaker 


provection would calculations 
also have to be considered. Overall layout and 


imate sizings 


involve other 
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Voltage Drop Calculations 
Including Conductor Reactance 





When current flows in a conductor in which the reactance due to self induc 


tion is negligible, the voltage drop is equal to the product of the current in amps 
and the total resistance of the conductor in ohms. But when the reactance of the 
conductor is not negligible, the voltage drop is equal to the product of the current 


nm 


amps and the total impedance of the conductor, which is determined from 


the formula 


Z= VR + ®? 


in which, Z = total impedance in ohms 


R = total ac resistance of the conductor in ohms 
X = reactance of the conductor in ohms 


The voltage drop in such a conductor is 


Vs iz 


in which, V = voltage drop (volts) 


NO 
] 


| = current flowing in conductor (amperes) 
Z = total impedance of the conductor (ohms) 

(see manufacturers’ bulletins and catalogs for 
conductor impedance values in ohms per 1000 ft) 
Resistance and reactance data on wires and cables are given 
in literature made available by the manufacturers. Tables 
and graphs for quickly and easily computing voltage drop in 
large, heavily-loaded feeders operating at less than unity 
power factor and with considerable conductor reactance are 

also available. 


TES 


Reactance in conductors carrying ac power depends upon the size of the conductor, spacing 
between it and other conductors 


the 


carrying current, the position of the conductor with respect 


to conductors close to it, frequency of the alternating current and the presence of 


magnetic materials close to the conductor. In an ac circuit, the reactance of the conductors 


may be reduced by placing the conductors close together and/or by placing them in non 
magnetic raceway instead of steel conduit or raceway. In many large size or long ac circuits 


the voltage drop due to impedance is often far greater than the drop dve simply to 


resistance of the conductors 


Alternating current flow in conductors is subject to ‘skin effect” 


would obtain for 


which is an apparent 


increase 
This 6 


tends to flow close to the surface (or 


in resistance over the resistance value which direct-current flow 


due to a reduction in effective conductor cross section because 


skin’) of the conductor 


alternating 
this 
is of little consequence in conductors smaller than 500 MCM 


current 
Generally increase in 
retisiance to ac 





high-voltage 


sul 


to each substat ron 


ern industrial distribution 
In 


tri 
tio 


center of the area occupied by the 


loa 
sta 
tio 
to 

per 


SIZCS 


cor 


building 


sta 
tio 
to 

the 
Ka 


vol 


incoming 


the 


112 


distribution to to othe loads 
and feeders to lighting loads, eithe: 
directly 277-volt 
indirectly through step-down tran 
formers for 120-volt 

The use of 
tions allows efficient and economical 
distribution of large bulks of powe: 
throughout a plant. 
at voltages 
much lower feeder current-carrying 
than would be 
the 


voltage 


unit motors and 


upply 
The load-center 
key to this 


powel 


stations and alternative 


for lighting—or 


wtation is the mod 
circuits 
the 


bution, 


ot 
load center 


layout load-center dis load-center substa 


unit substa 
ns are located in the approximate 
Distributing 
d devices 
Of 
n ofa respect 
the de 
ids upon the number and relative 
of the load the 
istruction characteristic the 


sub- 


supplied from the sub- 
the 
substation 


power high requires 


tion course, exact loca 


with capacities required 
amount of 
As a result, 
relatively 
ibject to the 


conditions 


equipment it supplies to distribute same 


power at low 


and the primary feeders 

of 
unit 
in installa 
n will depend upon the total load 
be served and the capacities of 
* individual substations 
ch fed by high 
tage (2400 volts to 13,800 volts) 


devices are 


small in size and not 
voltage 
result 
low-voltage but 


The number of severe 


which 


drop 
tions required any from the use of long, 
high-current feed 
And the 
locations of the unit substations, in 
each load 
the of 


secondary feeders to loads, again 


ers to load concentrations. 
unit 


substation is the center of concentra- 


tion, permit use very short 


power lines, transforms 


» power down to low voltage minimizing voltage drop and copper 


(un- I 
loss 


600 volts) and supplies feeders 
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Many advantages may be realized 
of load-center dis 
industrial plants. It 


has been estimated that the 


through the use 
tribution in 
savings 
coppel alone may run a 
high as 20 And other substan- 
tial savings are effected th 


of heavy 


vitchyear. 


in feeder 
rough 
capat ity se 
In to 
load-center distri- 
isual flexibility 
expansion of 
date, offering 
The installa 
of 


a relatively 


elimination 


ondar’\ addition 


initial economy, 


bution provides un 
and adaptability to 


; 


faciliti at a later 


range economies 


long 


tion and connection unit subs 


into a system is simple 


and easy matter, following manu 


facturer’s instructions and mini- 


special and detailed engi- 
work. 


ign of a 


mizing 
neering 
De 


tion 


load-center distribu- 
ystem for any industrial plant 
with break 
down of the the 


the 


centel 


analysis and 

total load 

thi 
ot 


determined. 


begins 
within 
study, 


building From 


number and load 
ibs will be 
eral, the total load in the plant is 
broken into blocks and apportioned 
of unit 
the smaller the 


sizes 


In gen- 


among a number substa 


tions. Generally, 
sub, the more expensive it 1s 
per kva, And the greater the num- 
of the greater the 
amount of primary cables. But the 


ise of a large number of unit subs, 


unit 


her unit subs, 


small area of 
accumulation, the 
lengths of The 
use of a small number of very large 

ibs, how pri- 
mar’ second- 


each covering only a 
reduces 


feeders. 


load 
econdary 
requires less 
but 


ever 
conductors more 
with an increase in 
switchgear. From 
standard kva ratings 
per 


conductol 


ost of 


in- 


gation of 


of nit ibs and system costs 


kva, it has been found that economy 
the use of 
1500 kva, 


however, 


usually dictates unit subs 


rated from 500 to Maxi- 


mum economies can be 


realized from the use of substations 
rated from 750 to 1000 kva 

A typical load-center substatior 
contains 
in 
former 


high-voltage switchgear 


an incoming section, a trans- 


section in which the power 
is stepped to low voltage and a sec- 
tion containing switching and pro- 
for 

High-voltage 


utilize circuit 


tection the outgoing secondary 


feeders switchgear 
breakers or in- 
with- 
number of oil- 


may 


terrupting switches with 
out 
filled or dry type 
in 
tages for indoor and outdoor appli- 
switching and 


isually consists of com- 


or 
power fuses. A 
transformers are 
offering advan- 


ised unit subs, 


Secondary 


cations. 
protection 


1956 





One of 


siderati 


dl [ypi al 
systems are: } ondary selec 
tive, primary tive and network. 
An accompan 


ers he 


tration CoV 
with re 
marks on th pplic: n of each 
Furthe1 the par 
lifferent 
obtained 


ticulal 


ture and 
envineers 
distribution 
rreat ma 


a 
radial pat 
lve lavout 


off I a 


ind service 


simple radi tem 
high order of 
continuity and ale, flexible 
stable and 
maintall 
required 
a norm: 
breaker 

ondary 

ended rimal 
i a normally 
the a 
ed to forn 


each 


ithin 


operatio! 
end of ib operate 
as ; aigh 1} tem. If 
primary 
hould f: 
ice, ti 
that 


doubl 


One 
transforme! 
1 out of erv 


carried 


math 


operating 


process 


Primary Voltage 
imary voltage 

ad-center di 
mn the avail 
otal load ti 
per of unit 
tation with 
to selec 
voltage 


tion at 


20, OOO 10.000 


ELECTRICAL 


kva and 20,000-kva, plant load may to the unit substations, with no 
need for intermediate voltage trans- 
formation between the service en- 
trance If, however, 
the utility voltage is above 15-kv, 
required 
the 


either 
13.8-kv or 4160-volt primaries. For 
10,000 
ition at 4160 
recommended, a voltage 


before 


be economically served by 


plants with demands below and the subs. 


primary distrib 
is generally step-down is 
gh 2400-volt 


ls applic able 


primary distri power lines can enter 


to load-center building 
the use of 4160 volts 


offers economy in 


bution, 


instead cost of 


Secondary Voltage 
vitchgear and requires less feede) 
the 


Interrupting « 


for 
from unit subs to light and power 


copper to handle same kva of Secondary voltages feeders 


load apacities are 


higher for 4160-volt branch circuits are selected on the 
basis of the amount and types of 
load devices. Usually, 480-volt sec 
ondary feeders are used to handle 
motor loads, with minimum copper 
requirements. In such cases, dry- 
type transformers are fed by 480- 
volt feeders and step the voltage to 
single-phase 120/240 volts, or 120/ 
208 volts, 3-phase, for lighting, plug 
receptac les 


switchgear, 


thereby providing greater 
without 


requirements for limiting fault cur 


expan 
possibilities future 


rents a limitation 


The code places 
n the use of 
a building Up to 


within 
15,.000-volt 
carried through a building 
15 kv, 


be brought 


high-voltage 
lines 
may be 
When 


tne primary 


tility voltage is below 


lines may 


into the plant and carried directly and other miscellaneous 





General Notes on Overcurrent Protection 





Conductors in electric circuits must be protected against conditions of exces 
sive current flow. Such protection must be provided in accordance with the 
current-carrying capacities of the conductors, except where particular settings 
or ratings of protective devices are required — as in the case of motor branch 
circuits or motor feeders. 


lf the allowable current-carrying capacity of a conductor does not corre 
spond to the rating of a standard-size fuse, the next larger rating of fuse may 
be used — but the rating of the fuse must never exceed 150%, of the allowable 
current-carrying capacity of the conductor. 


Non-adjustable-trip circuit breakers must be rated in accordance with the 
current-carrying capacity of the conductors they protect — except that a higher- 
rated circuit breaker may be used if the carrying capacity of the conductor 
does not correspond to a standard unit rating. In such a case, the next higher 
standard rating and setting may be used if it is not in excess of 150% of the 
current rating of the conductor. Circuit breakers in the 0 to 30 amp sizes should 
be of the time-delay type. 


Adjustable-trip circuit breakers of the thermal-trip, magnetic time-delay trip 
or instantaneous-trip types must be set to operate at not more than 150% of 
the allowable current-carrying capacity of the conductor. 


An overcurrent device must not be used in any permanently grounded con- 
ductor except where the device simultaneously opens all conductors of the 
circuit, where the electrical inspector requires it or where used for motor run 
ning protection. 


Overcurrent protection for a conductor must be located at the point where 
the conductor receives its supply. This means that a conductor run of a particular 
current-carrying capacity must be protected at the point at which it is fed by a 
conductor of higher current-carrying capacity. In a feeder run, then, change in 
conductor size (from larger to smaller) must be accompanied by protection for 
the smaller conductor. Exceptions to this rule are made in the case of taps and 
where the protection for the larger conductor meets the requirements for pro 
tection of the smaller conductor. 
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Power supply 


Primary feeder breoker 


Unit substation 
at load center 


Primory 
feeder 
« 


Primary switch 








Transformer 


Trans. breaker 
Secondary 
feeder aw a : 
| circult breaker 
«- Secondary 
feeder 
SINGLE PRIMARY 


Basic radial system for high-voltage distribution 
with load-center substations. Used where the 

total system load to be served exceeds several 
hundred kilowatts and where the use of o single 
substation or secondory voltage service would 

result in long heavy feeders with characteristic 

high cost, poor voltage regulation and low efficiency 
Offers advantages of high voltage distribution at 
lowest cost 





Power supply ‘@- Main supply breaker 


a $- Primary feeder breakers 


Unit substation 
at load center 


Primary feeder 




















Transformer 
Trans breoker 


Secondary 
, feeder air 


j / A 
| circuit breoker P se ondary | 
feeder 


MULTI — PRIMARY 


EEE GH ere me 


A variation on the basic system, has individual 
primary feeders to unit subs. Provides more 
flexible system. Reduces the effect of outages 
due to fault on primary feeder in basic system 
Use of automatic protective devices in each 
primary feeder increases cost of system over 
basic system. Adaptability to load growth and 
plant changes is improved over that of the 
basic system 





‘ower supply.-* | Main primary feeder breaker 


}« 


= Sati asia 


« 


Unit substations 
of load center 








Primary breakers or joad- break switches 








Transformer 


Trans. breaker 
Secondary 
feeder air 
circuit irecter| 


~ Secondary ] 
feeder 
LOOP PRIMARY 
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Similor to the basic system, with the primary 
feeder looped back on itself at the point of 

power supply. increases system reliability ot 

slight cost increase over basic system. By the use 

of main primary feeder breakers at the source 
point and automatic sectionalizing breakers at the 
points of tap to the load-center subs, the occurrence 
of primary feeder faults will not interrupt service to 
any loads. By opening one of the sectionalizing 
breakers in the loop, the system may be operated os 
two simple radial systems with independent primory 
feeder to each group of substations. The system is 
then o form of primary selective system 
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loads. Use of 277-volt lighting for 

high-bay and general applications in 480 277-Volt Systems 

industrial areas is derived directly 

from 480/277-volt secondary feed- 

ers. In very few cases, such as Widespread acceptance and ap- 4-wire system is coming into com- 
where considerably less than half plication of industrial high voltage mon use in large commercial build 
of the total load is power, 120/208- systems has stimulated the use of ings. 

volt 3-phase, 4-wire distribution higher voltages in electrical sys- The growth of electrical loads in 
may be derived directly from the tems for commercial and institu- commercial buildings has been re- 
secondaries of unit subs and car-_ tional buildings. Up to a few years’ sponsible for the development of 
ried throughout the building. Such ago, 3-wire, single-phase 120/240- the 480Y system which has many 
application is rare and not recom-_ volt distribution systems and 8- characteristics similar to industrial 
mended. Savings in copper, better phase, 4-wire 120/208-volt distri- type systems. Air conditioning 
regulation of voltage, lower voltage bution systems were standards for loads and business and other ma 
drop and line losses and greater non-industrial buildings. Today, al- chine loads have increased the ratio 
capacity for expansion favor the though these lower voltage systems of power to lighting loads, calling 
use of 480-volt secondary distribu- _ still find wide and efficient applica- for the type of circuit treatments 
tion in load-center systems. tion, the 480Y/277-volt, 3-phase, and layouts which industrial plants 
use to economically and efficiently 
serve heavy motor loads, Higher- 
voltage feeders to motor loads and 
to step-down transformers for light- 
ing and receptacle circuits proved 
the ideal solution. Less copper was 
needed to distribute the heavy 
power requirements, and voltage 








BASIC ELEMENTS IN UNIT SUBSTATIONS i 
Auxiliary 
section 














drop and other losses were also 
minimized. The development of 
lighting equipment which would op 








Potentiot 
transformers 


a iF 
x PL ; 


Meters and 750 kvo 
relays as y 3 phase- 60 cycles 
needed 4/60-480 volts 
3 
Contro/ 
transformer 





erate on 277-volt circuits con 








tributed greatly to the success of 
the system. From studies made, it 
has been found that a 480Y system 
can provide savings of more than 
$25 per kva demand over a 120/ 
208-volt system to handle the same 
load 

The 480Y system has been de 
veloped to meet the requirements 
of prevailing commercial building 














Current 
transformer 


srxd |arnxd | ord 


Six feeder 
breokers 


























A typical load-center substation contains: switchgear, protection and metering equipment 
for the incoming primary line (ot left); o transformer for stepping high voltage power to 
Q utilization voltage levei; and a section of disconnect and protection devices for the sey 
secondary voltage feeders which originate in the substation assembly. A double load conditions In general, most 
ended substation, shown below, is really two single subs with a tie breaker general lighting is fluorescent and 
between them 


can be served by 277-volt circuits 
a , , eee : Motors for air conditioning com 
pressors, circulating fans, elevators 
and pumps make up an average 

ie load of about 4 volt-amperes per 
a square foot. These motors can be 
/500-kva r, /500-kve more efficiently and economically 
transformer Y transformer supplied at 480 than at lower volt- 
3 f. ‘ ages, and they are less expensive 
] 1 a H than lower voltage motors of the 

Trans former s * same hp ratings. The combined 
g p i = power and general lighting loads 


pa if average between 4 and 10 watts per 
s 





+ 





a 
secondary ~~») | 
brecker Y | 
2000 amp - 


75,000 AIC Bus tie pee Oe square foot. Receptacle and miscel 


breaker econdary breaker laneous loads-—-desk lamps, local 


2000 am, : ; . : 
75,000 AIC oauaaae lights, business machines, appli 


normally open lL ances, water coolers, etc.—-average 


about 4 to 2 watts per square foot 











| 
t + 


) Feeder breakers”) ; As can be seen, about 80% of a 
«= 
ry 


building load may be served di 
rectly by 480-volt feeders. Provi 
sion of 120-volt circuits may be 
made either by using separate 120 








+ 4 800 amp~-* 
f if 5Q000 AIC Y 


Three breakers, one tie and two main, provide additional reliability accorded by 
double-ended substotions. if one transformer is down, its lood is easily ; . 
tronsferred to the other previously mentioned 480- to 120- 


208-volt substations or by using the 








240-volt dry type transformers ir 
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BASIC SELECTIVE CONCEPTS FOR SUBSTATION LAYOUTS 


<a> a 
<4 p> 
Each transformer Y% 


08 big as for primary 
selective system 


selective system 


——<4 9) 


<<>> 


- 
~ 


Primary selective system 

The secondary selective system permits discornec ting of transformers for mointenance 
while LL LL through secondary ties. The primory selective 
system aliows choice of primary feeders for improved service reliability 











LOAD-CENTER LAYOUTS FOR LIGHTING 


Primary supply 





120/208v 
substotion 


480v 
substotion 


Branch circuit 
pane/boord 


120-v circuits 
480v 


motors 


} “f ighting outlets 


Ory -type 


480¥ transformer 


substotion 
Branch circuit 


pone/bhoard 
120v circuits 


———4 


480‘120/208, 39 or 
980-120/240, | @ 


he 


Primory 
supply 


480/277 v¥ 

substation 

Branch circuit 
pone/board 
277 circuits 


A) he 277, lighting 














stalled locally at the center of each 
concentration of 120-volt loads. The 
latter method offers greater econ- 
omy, even when the amount of 120- 
volt loading is as high as 5 watts 
per square foot. 

One of the important design con- 
siderations involved in 480Y/277- 
volt systems is that of short-circuit 
protection. Available equipment for 
such systems incorporates adequate 
short circuit protection for use 
where short-circuit duty at the 
main switchboard does not exceed 
100,000 amps at 480 volts. Current- 
limiting fuses are used in switch- 
gear, panelboards and circuits. 
When the possible short-circuit cur- 
rent is greater than 10(),000 amps, 
interrupting capacities can be re- 
duced to 100,000 amps by using 
service entrances rated not greater 
than 4000 amps per entrance and 
connecting from the network bus to 
the main switchboard with high- 
reactance busway. With motor con- 
trol centers, current-limiting re- 
actors may be used in the incoming 
line section to limit available short- 
circuit current 


iWiring Systems 


Although busway and interlocked 
armor cable are gaining rapidly in 
feeder applications, conduit and 
cable feeders are still the most 
widely used in commercial, institu- 
tional and industrial buildings. The 
number of conductors permitted in 
a particular size of conduit is 
covered in the code, in Tables 4, 5 
and 9 for conductors all of the same 
size and in Table 11 for a combi- 
nation of conductors of different 
sizes. For non-lead covered con- 
ductors, four or more to a conduit, 
the sum of the cross-sectional areas 
of the individual conductors must 
not exceed 40% of the interior 
cross-sectional area of the conduit 
or tubing. Of course, to fill conduit 
to the code allowance is a minimum 
practice and frequently difficult or 
impossible from the mechanical 
standpoint of pulling the conductors 
into the conduit, due to twisting or 
bending of the conductors within 
the conduit. Bigger-than-minimum 
conduit should generally be used to 
provide some measure of spare 
capacity for load growth, and in 
many cases, the conduit to be used 
should be upsized considerably to 
allow future installation of some 
larger, anticipated size of conduc- 
tors. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1956 








When sizing feeder conductors 
on the basis of the loads to be LOAD-CENTER LAYOUT REDUCES VOLTAGE DROP 


; 


served, the voltage drop to be ex- 8, - So eee Se ee ~—— 
pected and the computed amount of | 
spare capacity, the derating factors 
applicable to conductors in conduit 
must be applied According to 
Note 4 following Tables 1 and 2, 
“Table 1 gives the allowable cur- 





rent-carrying capacity for not more 
than three conductors in a raceway 





or cable. If the number of conduc- 
tors in a raceway or cable is from 
four to six, the allowable current- 
carrying capacity of each conductor 
shall be reduced to 80% of the 
values in Table 1. If the number 
of conductors in a raceway or cable 


Percent voltage drop 


is from seven to nine, the allowable 
current-carrying capacity of each 
conductor shall be reduced to 70‘ 
of the values in Table 1.”" The code o 
makes exception t his require , ") 
ment in the case of reways (Art. 
362), Auxiliary | ‘s (Art. 374) method suppyy ———— ae aan rae oe 
fe 


and Low-Encigy wer, Low-Volt- 


age and Signal Circuits (Art. 725). Load-center method | _ Total distance over which feeders 
Wireways or auxiliary gutters may must supply loads 








contain up to 30 conductors at any In the case of the load-center layout, shorter feeders cover the same distonce over the 
cross section (excluding signal cir- plant as the long secondary feeders from the single switchboord, but the voltage drop 
nit aahanee oad is greatly reduced in the load-center system. improved voltage regulation adds up to 
cults and con | conductors usec overall increase in operating efficiency of the system 


for starting ity only between a 














RELATIVE ECONOMIES OF EQUIPMENT FOR MODIFYING ELECTRICAL 
LOAD-CENTER SYSTEMS CHARACTER OF DISTRIBUTION 


Rectifier or motor generotor Hi-cycle oc 
1) for 240/120 y de yo tools 
< 
s Rectifier for dc supply "es 400 ~B00 cycle for 
2 Sra special voltage J \ JS special apporatus 


or lighting 





“280 Y/120 





Rectification for ' High frequency for 
: plating currents ' induction heating 


< 
< Induction regulator for S =__High voltages 
< voltage stabilization 2< Ss for testing 


Relative lood center system cost /kvo 


A < 
Capacitors for power S Low voltages for 
*. 600y } foctor control s signal or control 











AC supply 





500 1000 1500 2000 
Standard kvo ratings of Modification or refinement of the characteristics of the distribution 
load-centey unit 
oad-centey unit substations voltage often have to be made for such purposes os those indicated in 
From this chart, it con be seen that costs the above diagram. in such cases, the designer must analyze the load 
of load-center distribution systems vory 
with the size of unit substations used in 
the systems and with the utilization magnitude and characteristics of each load as it is refiected bock into 
voltage derived from the system. Unit the distritution system. Monufacturers’ instructions should be corefully 
subs between 750 kvo and 1500 kva,with 
480 -volt secondary distribution, offer ne , ‘ 
mn nisi ‘ 
the greatest economy overol| sa CEES GF COMES MOENENENS. 


served from the vorious types of equipment shown and determine the 


followed, and engineering ossistonce of the monufacturer should be 
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motor and its starter). The total 
cross-sectional area of the group of 
conductors must greater 
than 20% of the interior cross-sec- 
tional of the wireway or 
gutter. And derating factors for 
more than three conductors do not 
apply. 

It should that neutral 
conductors which carry only unbal- 
anced from 


not be 


area 


be noted 


current phase con- 


ductors (as in the case of normally 
3-wire, single-phase or 
circuits) are not 
counted when determining the cur- 


rent derating of conductors on the 


balanced 


i-wire, %3-phase 


basis of the number in a conduit, 
as just described. Of course, a 
neutral conductor used with 2-phase 
legs of a 4-wire, 3-phase system to 
make up a 3-wire feeder is not a 
true neutral in the sense of carry- 
ing only current unbalance. Such a 
neutral carries the same current as 
the other two conductors under 
balanced load conditions and must 
be counted as a conductor when de- 
rating more than three conductors 
in conduit. 

Feeder conduit may be rigid 
conduit or electrical metallic tubing 


for 2-in. or smaller size conduit. 





SERVICE GROUND 


Service 
equipment 








Service or 
system 
ground 


Incoming power 
service or 





TYPES OF GROUNDING 


A service or system ground is the intentional grounding of one conductor of the system. The neutrol 
point of the transformer or generator is usually the point connected to ground 


An equipment ground is o permanent and continuous bonding together of conductor enclosures equip - 
, 

ment frames and other metallic non-current carrying parts of the system to form alow- impedance 

path to ground to enable fault currents to operate the system overcurrent devices 





SYSTEM GROUNDS | 


A V\ WWW 
V WYVV 


Do not ground 
of loads or points 
of power usage 








Ground at power source or power sources only 
See Service Ground and System Grounds 
above. Power source may be point at which 
utility lines come into building. If transforma 
tions are made to several voltoge 
ground each level at the transformer sacondory 
Do not ground at points of power viilization 
On low-voltage impedance of the 
equipment ground must not limit foull current 
below rating of protective device 
All parts of the conplete system mus! be 
grounded. Ground at each major bus section 
if it is possible to separate each buys section 
equipped 
nevtrals 


levels, 


circuits, 


Except on 


with special 


low-vollage generators 
coil bracing, generator 


\ 
‘Motor 
frame 


Equipment ground must be o permonent, 
continuous, low-impedance bonding 
between ground and oi! enclosures 

and frames 


must not be grounded solidly. A grounding re 
actor should be used on Y-connected low-volt 
oge generators, and a grounding resistor on 
high-voltage units. 


Nevtral grounded systems require overcurrent 
devices for all phases. Only two running over 
load relays ore required for running protection 
of motors. 


If it proves economical, a grounding trans 
former may be used where a system nevtral is 


not available. 


The service ground conductor should have a 
corrying capacity not less than 25% of the 
main service capacity. 


Rigid metal conduit provides ex- 
cellent mechanical protection for 
the conductors, encloses possible 
faults and is a low resistance path 
to ground to assure quick opera- 
tion of circuit protective devices in 
the event of fault currents. EMT 
offers light weight, with ease of 
handling, cutting and bending. 
Other types of conduit and race- 
ways have also found considerable 
application in modern electrical de- 
sign. Cable troughs are metal trays 
of large mesh construction, now 
widely used for racking and rout- 
ing feeder cables in many types of 
industrial buildings. Troughs pro- 
vide a sturdy, flexible system for 
supporting feeder cables, particu- 
larly where routing of the runs is 
where provision for 
modification in circuit- 
ing is important. The use of 
bestos-cement with feeder 
used, offering 
minimum voltage drop due to con- 
ductor reactance. Still another type 
of conduit in modern distri- 
bution is flexible polyethylene plas- 
tic raceway. In one application, this 
type of raceway was used for both 
primary (5-kv) and secondary un- 
derground distribution. Primary 
circuits of single-con- 


devious or 
change or 
as- 
ducts 


conductors is also 


used 


consisted 


A feeder or subfeeder may be tapped by 
conductors of lower capacity 
without providing protection for the conductors 
under the following rules 


current-carrying 


1. If the smaller conductors used for the top 


a. have a current-carrying capacity of not 
less than the sum of the allowable cur 
rent-carrying capacities of the conductors 
of the one or more circuits or loads 

supplied by the tap, 

ore not over 5 ft in length and do not 

extend beyond the switchboard, panel 

board or contro! devices which 
supply, and 


they 


¢. are enclosed in conduit, tubing or in o 
metal gutter when not part of the switch 
board or panelboord — 


then the tap conductors do not have to have 
overcurrent protective devices at the point 


of connection to the feeder or subleeder 


2. 1f the smaller conductors used for the top 


a, have o current-carrying capacity at least 
one-third that of the feeder or subfeeder 
conductors, 

.@re suitably protected from mechanical 
injury, 
. ore not over 25 ft in length, and 
-terminate in a single circuit-breaker or 
set of fuses which will limit the load on 
the top conductors to their allowobl 
rating from code Table | or 2 - 
then the tap conductors do not have to have 
overcurrent protective devices at the point of 
connection to the feeder or subleeder 
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ductor neoprene-jacketed cables in 
1-in. plastic conduits direct-buried 
in a trench 


Busways and Interlocked 
Armor Cable 


One of the fastest growing appli- 
cations in modern electrical design 
is the busway system. Although 
use of busway for feeders, plug-in 
subfeeders and branch circuit sys- 
tems has been a continuing indus- 
trial system development through 
past years, the use of feeder and 
plug-in busway in large commerical 
and institutional buildings is only 
now coming into acceptance. Bus- 
way has proved a versatile, flexible 
and economical method of electri- 
cal distribution. Offering safety, 
reliability, ease of layout and ef- 
ficient operation, busway systems 
require only basic engineering in 
their design. And they are capable 
of carrying large and small blocks 
of power from main switchboards 
to load centers to loads. Although 
busways have broad application 
potential, they are limited. The 
1953 National Electrical Code rules 
that “busways may be used only 
for exposed work.” This answers 
the question which was often raised 
as to the use of busways for con- 
cealed work 

Made up of copper or aluminum 
busbars mounted on_ insulators 
within a steel housing, busway is 
available in a number of types and 
sizes for use in distribution sys- 
tems Low reactance, ventilated 
feeder busway provides low voltage 
drop characteristics due to close 
spacing and special construction of 
the busbars which minimizes react- 
ance. This type of busway is used 
for all types of high capacity feed- 
ers and risers. Because of its low 
reactance, it has also found appli 
cation in high frequency distribu 
tion system. Typical ratings on 
such busway range from 600 amps 
to 4000 amps, for single-phase 

or 3 poles) or 3-phase (3 or 4 
poles), for 120/240-volt single 
phase systems, for 120/208-volt or 
480/277-volt 3-phase, 4-wire sys 
tems or for 3-phase, 3-wire systems, 
all up to 600 volts. Feeder busways 
are also available in weatherproof 
type. Plug-in distribution busway, 
with easily accessible plug-in open- 
ings for tapping to loads directly o1 
through switch and protective de 
vices, is available in ratings from 
225 amps to 1500 amps. Busways 


are Tactory “ai embled and supplied 


All interior alternating-current wiring systems must be grounded if they can 
be so grounded that the maximum voltage to ground does not exceed | 50 volts 
Where the maximum voltage to ground would be above 150 volts but not over 
300 volts, it is recommended that ac systems be grounded. Higher voltage ac 
systems may be grounded, but the code does not require or recommend it 


Direct-current systems both 2-wire and 3-wire must also be grounded 
if the voltage to ground will not exceed 300 volts. A 2-wire dc system, with 
no more than 300 volts between conductors, must be grounded unless it is used 
for supplying industrial equipment in limited areas and is equipped with a 
ground detector. In a 3-wire dc system, the neutral conductor must be grounded 


Grounded neutral systems are generally recommended for high voltage 
distribution. Although ungrounded systems do not undergo a power outage 
with only one-phase ground faults, the time and money spent in tracing faults 
indicated by ground detectors and other disadvantages of ungrounded systems 
has consistently favored the use of grounded neutral systems. Grounded systems 
are more economical in operation and maintenance. In such a system, if a fault 
occurs, it is isolated immediately and automatically 


Grounded neutral systems have many other advantages. The elimination of 
multiple faults caused by undetected restriking grounds greatly increases serv 
ice reliability, The lower voltage to ground which results from grounding the 
neutral offers greater safety for personnel and requires lower-voltage equip 
ment ratings. And on high voltage (above 600) systems, residual relays can be 
used to detect ground faults before they become phase-to-phase faults which 
have substantial destructive ability 








Size of grounding conductor for a wiring system or for a common grounding 
conductor and 


Size of grounding conductor and raceway for service equipment in un 
grounded system 
Size of Grounding Conductor 
Electrical 
Conduit or Metalic 
Size of Largest Service Copper Pipe Tubing 
Conductor or Equivalent Wire Trade Size Trade Size 
for Multiple Conductors AWG No. (inch) (inch) 
2 or smaller 8 “, 
lor 0 6 Wy | 
00 or 000 4 VY 
Over 000 to 350,000 «.m 2 1% 
Over 350,000 c.m. to 600,000 «.m 0 2 
Over 600,000 c.m. to 1,100,000 «.m 00 2 
Over 1,100,000 c.m 000 2 








Size of grounding conductor and raceway for equipment grounds 
(Conduit, raceways, enclosures and frames) 
Rating or Setting of 


Automatic Overcur Size of Grounding Conductor 
rent Device in Circuit 


Electrical 

Ahead of Equipment, Copper Conduit Metallic 
Conduit, etc., Not Wire or Pipe Tubing 

Exceeding (Amperes) No (inch) (inch) 


20 16° 
30 14 
40 12 
60 10 
100 8 
200 6 
400 4 
600 2 
800 0 | 
1000 00 ] 
1200 000 1 








"Permissible only when part of an approved cable oasse nbly 
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STEP-BY-STEP CIRCUIT DESIGN 


The diagram oat right shows one mall part of the distribution sys 
tem for a large convention hall. Air conditioning and other power 
loads made up the major part of the total load, dictating the use 
of 480-volt distribution. A 3-phase, 3-wire system was used with 
local step-down for ’ oads. A study of the diagram attords 


o cleor understanding of the detai! ona procedure for distribu 





hon desigr 


STEP ONE 


Starting ot the load ) J gf scribed in the 








section on Branch Circyu »lved provisior cuits to handle 


o load of 500-watt ne cent units recessed in the ceiling of 











the convention ha ra) ’ ' general lighting treatment for 
the main o ‘ sading of circuits, four 30-amp 
cwey wi ¢ a ac ally, this does not represent ex 
tremely cor rve oodine ) e circuits becouse the load is 
y operotir y f f s of time and the code requires 

of the circuit rating under 

rcuits are long to cover part 

of the root f rea, the matter of voltage drop absorbs 
ome of ‘ capacity. Fron tudy of the possible 
requirement ‘ ‘ j 1o provide two spare 30 omp circuits 
t ponelboord was then selected for 

ceiling, with a contactor to allow 

contro! o ’ : ghting supplied from it) from the 


control roon y main mterior 


STEP TWO 


Sizing of the ‘ ' panel and the contactor ahead of the 
mains ; f f irst, 1800 watts — 50% of capacity for 
each 'O-¥v vas assumed tor each of the six circuits 
both « ir s is recommended procedure in the 
discuss: oat in this section of the report. For the six 
served by the feeder is then 6 times 

that a demand factor of 100% must 

entire load wil! be operating at one 

table of code demand factors for feeders 

100 demand tor Auditoriums and 

Armories At 240 n, the feeder to the panel must have 
© corrying capacity at | + equal to 10,800 watts divided by : 
240, whic 45 amps. Another way in which this could have been é 





/v swift 


3-9,3-wire 48Ov 
orrived ot ves amp ratings of the circuit loads. If each 25-amp 


feeder frommain 
swift hboord 





circuit oded ) of rating, that is 15 amps per 30-amp current 











mitinga f ‘ 
circuit. Dividing » number of circuits between the two hot legs AMMUTIN"G [USES 
ond the ar f e ponel, puts three 15-amp loads on each 


phase leg, wh mes out 45 amps per phase leg. Then, from 


section 2203-9 in the code, the neutral must be capable of carry 


ing 45 omps because that would be the load imposed upon the 


neutral if the three circuits 








connected to one phose were operat 
ing and the three circuits connected to the other phose were not 
operating the condition of moximum unbalance. From code 
Table |, the feeder to the panel could be three No. 8 Type RH 
conductors with 45 amp carrying capacity or three No. 6 Type K 


conductors with 55 amp carrying capacity. Because of the relation 
y d ‘ y 


of the lood current to the rating of No. 8's, it was decided to use 
No. é with the extra capacity to reduce voltage Grop From code 
Table 4, three No. 6's need a )-in. conduit 


STEP THREE 
Because the dis phic m is 480-volt. 3 phase, 3-wire, trans 
formation +t voltage level for lighting must be 


made. Obv est place to transform voltage level is as 


e long run from the 


distributior f Uy ’ st the higher voltage (but 


lower rr ve ) omy nm amount of 


copper ‘ ) f slep-dowr transformer 
mounted adi f ‘ boord. As was determined 
betore rv i¢ 300 wotts ncluding spore 
capacity ? } f ndescent lighting with unity 
power fk ’ atts is also 10,800 vx It-amps 


All tactors igle-phase transformer is the 


best size! nm th " ' i transformer with ao center 


lapped se 


STEP FOUR 
Sizing of the tes re » sf 


subleeder, o transformer to the lighting 
ponelboard . . Il.load 


vide neutral 


mer actually the run is a 
rrent drawn by the 


120 ELECTRICAL CONSTRUCTION AND MAINTENANCE 








in standard 10-ft sections. They are 
available with copper or aluminum 
conductors. 

Interlocked armor cable has been 
in use in electrical work for many 
years but is only now finding wide 
application. Interlocked armor cable 
is available for use at 600 volts, 
5000 volts and 15000 volts. The 
high-voltage types of IA cable are 
relatively new and are used for 
primary feeders in load-center dis- 
tribution systems. The 600-volt 
class of IA cable is rapidly gaining 
in popularity for secondary feeder 
applications in both commercial 
and industrial electrical systems. 

Interlocked armor cable for sec- 
ondary feeders is a completely flexi- 
ble and protected cable assembly, 
available in sizes from No. 6 to 
750 MCM, with three or four con- 
ductors. IA cable consists of a gal- 
vanized_ steel, interlocked and 
spiralled armor wrap around the 
insulated assembly of individually- 
insulated conductors. The conduc 
tors are stranded and may be 
opper or aluminum, The armo1 
may also be of aluminum or bronze, 
to lower cable reactance and lower 
voltage drop. Use of IA cable is 
covered in the code in Article 334 
Type ACV interlocked armor cable 
has varnish cambric insulation. 

In many modern commercial and 
industrial electrical systems, design 
of the distributior ystem might 
involve choice between busway and 
interlocked armor cable. In such 

es, only careful study of relative 
costs of materials and installation, 
analysis of requirements for future 
expansion and relation of all of 
these factors to the type of build 
ing and construction will reveal 
the best choice o combination of 
applicatior Such study should 
also include consideration of the 
ise of conductors in conduit and 
other raceway ystem There are, 
however, some general criteria for 
choosing between IA cable and bus 
way. Where the routing is devious 
and there ars any obstructions, 
[A cable often cai ised to ad 
vantage. For aignt runs, part 
larly long run f high current 
apacity, busway isually better 
Above 1000 amps capacity, busway 
for a feeder generally costs less. 
Below 500 amps, a feeder may 
more economically be interlocked 
armor cable. However, where the 
advantages of busway are required, 
as for industrial plant flexibility, 
cost is not as important as achiev- 
ing the lesign objectives. 





LAYOUTS OF BUSWAY DISTRIBUTION 


Tree type busway system 


4 


Multi-circult buswoy system 


Plug-in 
” subfleeders 
rag ~in each served 
by saporote 
circuit 


busway 
» subfeeders 


Less than Three circuits in one 
50 ft buswoy assembly in 
sarees which the number of 
bus bars & divided 
among the circu/ts 








Protection not 
required here for 
subfeeder under 


, 


ne certain conditions 
bs ! Protection and 


Sentned switching for 
Totection and 

way feede: 
switching for Note busway 


buswoy feeder 


Feeder bus 

















Overcurrent protection—either a fused - switch or circuit breaker—is 
usually required in each subfeeder tapping power from o busway 
feeder. This is necessary to protect the lower current - carrying 
capacity of the subfeeder and should be placed at the point at whict 
the subfeeder connects into the feeder. However, the code provides 
that “Overcurrent protection may be omitted at points where 
buswoays are reduced in size, provided that the smaller busway does 
not extend more than 50 ft and has a current rating at least equa 
to one-third the rating or setting of the overcurrent device 

next bock on the line 














PROTECTION FOR TRANSFORMERS 





The code requires overcurrent protection for each transformer or bank of 
transformers operating as a unit. Protection shall be provided as follows: 


An overcurrent protective device — rated or set at not more than 250% 
of the rated primary current — must be placed in the primary connection of 
each transformer. Such protection, however, is not required if the over- 
current device protecting the primary circuit is rated or set at not more than 
250% of the rated primary current. 


A transformer is not required to have an individual overcurrent device in 
the primary connection if it has an overcurrent device — rated or set at 
not more than 250% of the rated secondary current — in the secondary 
connection, or if it is equipped with an integral thermal overload protector, 
In such a case, the primary feeder overcurrent device must have a rating 
or setting at not more than six times the rated current of the transformer for 
transformers having not more than 6% impedance, and not more than 
four times the rated current of the transformer for transformers having more 
than six but not more than 10% impedance. 


In completely packaged, metal-clad unit substations, the transformer pro- 
tection is provided as an integral part of the assembly, The switchgear and all 
other elements are matched to each other in accordance with the kva rating 
of the substation 


Dry-type and other distribution transformers must be provided with proper 
overcurrent protection as part of the electrical design work. The provisions of 
Article 450 of the code and manufacturers instructions and engineering litera 
ture should be consulted and carefully followed. 


Individual dry-type transformers of the general-purpose type — used for 
local mounting to serve 120-volt lighting and receptacle loads in 480-volt 
distribution systems — are generally protected on the primary side by either a 
remotely-operated fuse-switch combination or a circuit breaker. The secondary 
side feeds directly into the branch circuit panelboard, Such transformers are 
generally mounted close to the center of the load they serve, require a minimum 
of maintenance, keep distribution losses to a minimum, eliminate the need for 
separate low-voltage power circuits and improve voltage regulation. They are 
available in ratings from 1 kva to about 500 kva. 
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CODE TABLES ON CONDUCTORS IN CONDUIT OR TUBING 





Table 4 


Rubber Covered, Types RF.2, RFH-2, R, RH, RW, RH-RW, RU, 
RUH. and RUW 
Thermoplastic, Types TF, T and TW 


One to Nine Conductors 


re than nine conductors see Table 9 
sections 3013, 3466 and 3486) 


Number of Conductors in Conduit or Tubing 





mber of Conductors in One Conduit or Tubing 











% 
% 
1 
1 


























electrical metallic tubing does not exceed 


more than the equivalent of two auearier 


sted and one No. 4 bore conductors may 


Table Number of Conductors in Conduit or Tubing 


More Than Nine Conductors 
pvered Types RF.2, RFH.2, R, RH, RW, RH-RW, RU, 
RUM, and RUW 
Thermoplastic Types TF, T, and TW 


"When Specially Permitted by This Code 
(See section 3012) 





mum Number of Conductors in Conduit or Tubing 





1% 2 2" 3 
Inch Inch Inch 





49 80 115 176 
4) 68 97 150 
25 40 59 90 
21 35 50 77 
17 29 4) 64 
10 17 25 38 

15 23 





8 are permitted in a single conduit for conductors 

ontrotter sloge pocket and border circuits, section 

n 60214, elevator contre! conductors, sections 6212 
ors, section 6607 


Table 5 — Number of Conductors in Conduit or Tubing 


Lead-Covered Types RL and RHL — 600 V 





Number of Conductors in One Conduit or Tubing 





Single Conductor 2-Conductor 3-Conductor 
Cable Cable Cable 





2 3 “4 





1% 1% 

1% 2 

2 2 
2% 





3 
3%” 
3” 
4 


s 
= 








300 


400 
500 





600 
700 


800 
900 





1000 

1250 3 
1500 3 
1750 3 
2000 3% 6 





The above sizes apply to straight rur 
not more than two quarter. bends 


» nominal offsets eq 


See section 3470 for bends in conduit 


Table 11 


(See sections 3466 and 3486) 


Combination of Conductors 


For groups or combinations of conductors not included in the 
Tables 4 to 9, it is recommended that the conduit or tubing be of such 
size that the sum of the cross-sectional areas of the individual con 
ductors will not be more than the percentage of the interior cross- 


sectional area of the conduit or tubing shown in the following table 


Per Cent Area of Conduit or Tubing 





Number of Conductors 





Over 
4 





Conductors (not lead covered) 40 
lead-covered conductors 
For rewiring existing raceways for 

increased load where it is im 

practicable to increase the size 

of the raceway dve to structural 


conditions 60 40 50 50 50 





Note: Tables 4 to |! apply only to complete conduit systems, and do not 
to shert sections of conduit used for 
mechanical injury 


apply 
the protection of exposed wiring from 
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CODE TABLES OF DIMENSIONS AND AREAS 
TO USE IN SIZING CONDUIT FOR COMBINATIONS OF CONDUCTORS 












Table 12 — Dimensions and Per Cent Area of Conduit and of Tubing. 


Areas of Conduit or Tubing for the Combinations of Wires Permitted in Table 11. 























internal 





Area — Square Inches 























Tre Not Lead Covered lead Covered 
: —_ Diameter 
Size T 
Inches heen 1 Cond 2 Cond 3 Cond ated 1 Cond 2 Cond 3 Cond 4 Cond poy 
ba ° ° ° v ° e e, °e 
53% 31% 43% 40% 55% 30% 40% 38% 35% 
5 622 30 16 09 13 12 17 09 12 WW W 
s/, 824 53 28 16 23 21 29 16 21 20 19 
1.049 86 46 27 37 34 47 26 34 33 30 
iP 1.380 1.50 80 47 65 60 83 45 60 57 53 


82 















2.469 
3.068 


479 
7.38 


2.54 
3.91 






1.34 
2.06 1.92 2.63 1.44 1.92 1.82 1.68 
3.17 2.95 4.06 2.21 2.95 2.80 2.58 


3.96 3,47 



















5.09 445 
5.047 20.00 10.60 6.20 8.60 8.00 11.00 6.00 8.00 7.60 7.00 
6 6.065 28.89 15.31 8.96 12.42 11.56 15.89 8.67 11.56 10.98 10.11 

























































































































































































































Table 13 Dimensions of Rubber-Covered and Table 16 — Dimensions of Lead-Covered Conductors 
Thermoplastic-Covered Conductors Types RL, RHL, and RUL 
7 
Types RF.2, RFH-2, R, RH Types TF, T, TW, RU** Single Two Three 
Size RH-RW, RW RUH**, RUW Size Conductor Conductor Conductor 
KWG 
s M\| Approx. 0 Approx. Area |Approx. Diam. Approx. Area AWG-MCM Diam Area Diam Area Diam Area 
inches Sq. Ins Inches Sq. ins inches Sq. ins inches Sq. Ins Inches Sq. Ins. 
a 146 0167 106 0088 14 28 062 28% 47 115 59 273 
158 1196 118 0109 12 29 066 3ix .54 146 62 301 
10 35 096 35x 59 180 68 363 
‘ bain. 171 230 131 0135 4 4) 132 | 400 71 255 82 528 
4 4 204" )327° 
04 88 0278 148 0172 6 49 188 49x 86 369 97 738 
e4 ir 22 0384" 4 55 237 54x 96 457 1.08 916 
247 0460 168 0224 2 60 283 61 x« 1.08 578 1.21 1.146 
31 0760 228 0408 1 352 38 1.49 
é 197 1238 323 0819 0 71 396 74% 1.32 859 1.47 1.70 
4 452 1605 372 1087 00 76 454 79 «1.41 980 1.57 1.94 
481 1817 40! 1263 000 61 515 84%1.5 1.123 1.69 2.24 
513 2067 433 1473 0000 87 593 90 x 1.64 1.302 1.865 2.68 
588 2715 508 2027 250 98 754 2.02 3.20 
300 1.04 85 2.15 3.62 
629 3107 549 2367 350 1.10 95 2.26 4,02 
oC 675 3578 595 2761 400 1.14 1.02 240 4.52 
00 727 4151 647 3266 500 1.23 (1.18 259 5.28 
0000 785 4840 705 3904 
Note—WNo. 14 to No. 8, solid conductors; No. 6 and larger, stranded con 
5( 868 5917 788 4877 ductors. Data for 2/64-inch insulation net yet compiled 
301 933 6837 843 5581 
3 5C 985 7620 895 6291 
400 | 1,032 8365 942 6969 
| 119 9834 029 8316 














































Varnished-Cambric Insulated Conductors 


Type V 





















The insulation thickness for varnished-cambric conductors, Type V, 
is the same as for rubber-covered conductors, Type R, except for Nos 
14 and 12 which have 3/64-inch insulation for varnished-cambric, and 
2/64-inch insulation for rubber-covered conductors and for No, 6 
which has 3/64-inch insulation for varnished-cambric, and 4/64-inch 
insulation for rubber-covered conductors. See table in section 93101 
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Note 
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these voriot 





14 to 
18 to No. 8, solid 


own 


puting site o 


No, 2 


comput 


in Table 4 


The dimensio 


ons will not 


eo RW wire. Alse 


t 


dimensions of rubber-« 


¢ tut 


6 and lorger 


stranded 


the compviation 






1.233 1.1940 1.143 1.0261 

700 1.304 1.3355 1.214 1.1575 

750 1.339 1.4082 1.249 1.2252 

BOC 1.372 1.4784 1.282 1.2908 
900 1.435 1.6173 1.345 1.4208 
1000 1.494 1.753) 1.404 1.5482 
1250 1.676 2.2062 1.577 1.9532 
1500 1.801 2.5475 1.702 2.2748 
1750 1.916 2.8895 1.817 2.5930 
2000 2.021 3.2079 1.922 2.9013 

*The dimensions of Ty 


>, these dimensions to be used for new 
bing for combinations of wires not shown 


vered conductors in column 3 of Table 13 are to 
ng the size of conduit or tubing for new work for combine 


The dimensions in the last column of Table 13 moy 


Tables give the nominal size of conductors and conduit or tubing recommended for use in computing size of 
ns represent overage conditions only, 
aftect 


ond while v 
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Tables 4 and 5 may, therefore, be used for the number of varnished 
cambric insulated conductors in a conduit or tubing 









conduit or tubing for various combinations of 


oriations will be found 





in dimensions of conductors and conduits of different monviacture, 
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Service 





etailed design of the one or 
more service entrances required 
the electrical system 
the final 


system design 


to supply 
in a building is 
pha se of electrical 
Of course, during preliminary plan 
ning for the building 
had to be 


acteristh of 


ome decisiotr 
char 
sup 
carry the 
study 


made or! the 

the 
would pest 
load 


iltation 


ipply or 
plies which 
total 


and 


From 
vith the 
itility and/or from a knowledge of 
the itility 
thelr the complete sys 
tem wa the 
itility details other 


than 


electrical 
con local 


available services and 
capacitie 


laid 


line 


out to te 
But 


and 


into 
few 
voltage 


phase character 


re worked out for the sery 
Thi 

important 
vhich 


out a ervice 


arrangement section 
de 


involved 


covel Variou ign 


onsideratior are 
in la 
both 
high 


kor any 


in entrance, 


for ov oltaye tem and 


voltage ystem 
building 
the 

equipment ised to 
the 


erior dl 


thie service 


onsist ot 


conductor and 


deliver electric 


energy from itility 


upply lines 


to the int tribution system 


service may be made to a building 


eitne) verhnead of underground, 


from a utility pole line or from an 


underground transformer vault 


service layout therefore, includes 


electrical and mechanical factor 


Conductor must he provided 
connect to 


protection 


the utility ource ull 


enclosure 


To. 


must in con 


and mechanic: 


tne incoming conduc 


tor idered discon 


necting mean and overload and 


short-circuit protection are 


nec 


ary; and metering and grounding 


must be accounted for Step-by 


tep, design of the ervice 


arrange 
ment 


thei 


must cover these tactors in 


relation t uch particula 


conditions as the type and size of 


the Na 


local 


building, iirements of 


req 


tional Electrical and 


code and tne “atior anda 


recommendations of the utility sup 
the powe! 


Article 230 of 


piving 


the code covel 


requirement for ervice I'ypical 


provision referring Lo 


desigt 


mitation are as follows 


Although the code states that “a 


ELECTRICAL 


major 


building 


there are exceptions made 
than one service drop is 
building, more than one set of serv 
ice conductors may be used to sup 
ply the the case 
apartment houses, shopping center 


building. In 


and other multiple-occupancy build 
two or 


ings, 


entrance conductors may be tapped 


from a single set of 


conductors or two or more sub-set 


ervice entrance conductors ma 

main 
vice entrance conductor Cases 
light 


ingle building and 


‘tapped from a single set of 


eparate and power 
se pa- 
vices to water heaters 
of different rate schedules 


the 


purpose 


are exception to yeneral rule 


f 


if single 
Only 


ervice 


one ervice drop may be 


ed to supply a building from a 


ingle transformer or from a single 


ndat utility distribution sys- 


eptions to tl rule are 


veral conditions If 


ry To! 


shall be supplied through 
only one set of service conductors’’, 
If more 
made to a 


of 


more set of service 


ervice drop 


serv- 


for 





Types of Service 
Entrance Conductors 





LOW-VOLTAGE SYSTEMS 


Enclosed busways standard low 
impedance (feeder) types and hig} 
reactance types which limit available 
short-circuit duty for 


supplied from 


protective 
secondary 


de 
vices net 
works 

Specially-designed bus bar structures. 
Conductors in conduit or ducts. 
Service entrance cable assemblies 
interlocked armor cable (600 volts) 
Underground direct-burial cables 
Open conductors on insulators. 


HIGH-VOLTAGE SYSTEMS 


Power cables in conduit or ducts. 

Underground direct-burial power 
cables 

Cables on troughs, racks or insulators. 


interlocked armor cable (over 600 
volts). 
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fire pumps or for emergency light 


ing, or if the size and layout 
the building and its load cannot 
handled by a single service, or 1 
the building has multiple-occupancy 
vithout for 

‘ 


ment accessible to all occ upants, or 


space service equip 
if an additional service of different 
} other 


voitage or characteristics 
sper ial classes of use, 


for 

more than ne service 
ed 
Particulat 


needed 
drop may 


, 


installation and con 


truction requirements for over- 
inderground services aré¢ 
the Thi 


methods, construc- 


head and 


overed in detail in code 


include viring 


tion of and 


for 


equipment required 
mecnanical 


tor 


protection conduc 


Sizing Service Conductors 


ice entrance 


ductors involves the same type 


tep-by-step procedure as used to 


ize feeders. In general, the ser 


e entrance conductors must have 


minimum current- arrying Ca 
to handle the total 
load 


the code gives demand fa 


acity sufficient 


lighting and 
W here 


powel servea 
ors to use or allows the use of ac- 


ceptable demand factors based on 
SO nd 
of le 


ments 


engineering determinatiol 


than 100% demand require 
the 


may be 


lighting and power 


modified in this cal 


2203 of 


loads 


ilation. Section the code 


vive demand factors 


for general 
the 


ighting and receptacle loads 


table listing these factors is 
DISTRIBUTION 
1316 


demand 


in tne sectl 


this report Section of the 
factor 


the fac 


ode allows use of 


To. ided 


the 


Ty pical pow er- 


motor wads, pro 


tors are approved D\ 


code I 
forcing authority 


load demand factors are given in 


accompanying box In thi ser 


‘pin sizing the serv- 


entrance conductors is deter- 


total lighting load 

Thi the 
all of the vidual light- 
which 
the 


This total 


figure 1s 
sum of ind 


ing branch circuit loads, 


were determined a part of 


feeder-sizing procedure 


MAY 





load in watts must not be smaller 
than the product of the total square 
feet of floor area in the building 
and the value of watts-per-square- 
foot given for the particular type 
of occupancy in the code table in 
section 2208. This, however, would 
be the barest minimum load figure 
for lighting. Unless it is absolutely 
certain that the load will not in- 
rease in the future (and when can 
sure of that 

the Standard Loads for Lighting 
given in a table in the section on 
DISTRIBUTION should be used in 
letermining lighting load on a 
If the 


total sum of actual connected loads 


the designer ever be 


atts-per-square-foot basis 


n lighting branch circuits can be 
determined, a more accurate sizing 
onductors will re- 

at least 

vatts 


tal floor 


ocedure 
lighting 
factors 

2203, it 

reat ma- 

and fa 

the total 

from the 
that in such 

re lighting load 
be in operation simultane- 


‘ 


There are exceptions, how 
In the case of dwelling oc 
ipancies single residences and 
apartment houses, hospitals, hotels, 
office buildings and warehouses, de- 
mand factors may be applied to 
various amounts of connected 
lighting load on the branch cir- 
cuits. In those types of buildings, 
simultaneous operation of even a 
large part of the lighting load is 
unlikely. The service entrance con- 
ductors do not have to be able to 
provide power for the entire load 
at once. The general use of a 100% 
demand factor for lighting, is how 
ever, highly recommended. Even 
where demand factors may be ap- 
plied, the designer should relate 
this allowance to probable con- 
ditions of utilization and raise 
the minimum demand factors when 
he thinks it necessary. In any 
event, the final total lighting load 
hould be arrived at in these first 
two steps. 

The next load, to be added to the 
total lighting load, is the small ap- 
phance load to be served by con- 
venience receptacles. In apartment 
houses with provisions for cooking 

v tenants, at least 2000 watts for 





Service Disconnecting Means 





Service entrance conductors must be equipped with a readily acces- 
sible means of disconnecting the conductors from the source of supply. 
The following are the code qualifications of this general requirement 


1, The disconnect must be manually operable. It may consist of not 
more than six switches or six circuit breakers, in a common enclosure or 
individual enclosures, located either inside or outside the building wall 
as close as possible to the point at which the conductors enter the build- 
ing. Single-pole switches or circuit breakers equipped with handle-ties 
may be used in groups as single disconnects for multi-wire circuits. Multi- 
pole switches and circuit breakers may also be used cs single disconnects. 
The requirements of the code are satisfied if all of the service entrance 
conductors can be disconnected with no more than six operations of the 
hand—regardless of whether each hand motion operates a single-pole 
unit, a multi-pole unit or a group of single-pole units controlled by a 
single hand motion 


2. Each occupant in a multiple-occupancy building must have access 
to his disconnecting means. Section 2351-b covers this matter, 


3. If the disconnecting means does not interrupt the grounded con 
ductor as well as the ungrounded conductors, provision must be included 
in the service cabinet or switchboard for disconnecting the grounded 


conductor from the interior wiring 


4. For a group of buildings under single management, disconnect 
means must be provided for each building 


5. If an emergency power supply is provided to feed the conductors 


controlled by the service disconnecting means, the disconnector must 
be of such design that the regular supply is disconnected before the 
emergency supply is connected—unless special provisions are made for 
parallel operation and suitable control 


6. Service fuses, meters, high-impedance shunt circuits (such as meter 
potential coils), supply conductors for time switches, surge protective 
capacitors, instrument transformers, lightning arresters and circuits for 
emergency systems, fire pump equipment and fire alarms may be con- 
nected on the supply side of the disconnecting means 


7. Service disconnecting means must be rated for the load used in 
sizing the service entrance conductors. Spare capacity or capacity in 
excess of that determined according to section 2203 does not have to 
be provided in the service disconnecting means, The judgment of the 
designer will determine particular needs above minimum. 





Note: Local code requirements for service entrances should be checked. The use of six subdivisions of 


the service disconnecting means, described above, is often disallowed. A single main service 


switch is required in many localities 





Overcurrent Protection for Service 





Each ungrounded service entrance conductor must be protected by 
an overcurrent device in series with the conductor, The overcurrent device 
must have a rating or setting not higher than the allowable current- 
carrying capacity of the conductor, except as follows 

1. If the service supplies motor loads, the overcurrent device may be 
rated or set in accordance with the required protection for a feeder 
supplying several motors or for a feeder supplying a power and lighting 
load. If only a single motor is supplied, the overcurrent protection should 
include a value of rating or setting equal to that used to protect the 
motor branch circuit. (See DISTRIBUTION, Overcurrent Protection). 

2. Not more than six circuit breakers or six sets of fuses may serve as 
overcurrent protection for the service entrance conductors. 

3. Each occupant in a multiple-occupancy building must have access 
to his overcurrent devices. Section 2371-a-4 covers this matter. 

4. No overcurrent device may be used in a grounded service con- 
ductor, except a circuit breaker which simultaneously opens all con- 
ductors of the circuit. 
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Average Demand Factors for Power Loads 





COMBINED DEMAND AND 
DIVERSITY FACTORS FOR 
SIZING SERVICE 


RANGE OF 


POWER LOAD DEVICE COMMON DEMAND FACTORS 


























Motors for pumps, compressors, 


elevators, machine tools, blowers, 20 to 60% 40% 


etc 
Motors for semi-continuous opera 


tions in various mills and process 


plants 


50 to 80% 60% 


Motors for continuous operations 


70 to 100% 
80 to 100% 
80 to 100% 
30 to 60% 
10 to 40% 


90% 
100% 
80% 
40% 
30 % 


as in textile mills 


furnaces 


Are 


Induction furnaces 


Are 


welders 





Resistance welders 


Resistance heaters, ovens and 


80 to 100% 90 % 


furnaces 








High-Voltage (over 600 volts) Services 





Code requirements for services exceeding 600 volts are given in sec 
2386 to 2392 
In cases where primary supply is transformed to a utilization level out 


tions The provisions apply to primary supply conductors 


side of a building or in a utility transformer vault in the building, the 


secondary conductors constitute the service conductors 





mait Kitcnel ipplance must be pecial load ynicn must be adage 
ill ed for eact apartment In fol different type of building 
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mand factor are applied If fixed appliances excepting 


electric cooking appliances and 


space heating equipment) are part 


Special Loads 


of the load in a building, the sum 


Continuing the immation of of their ratings must also be added 
loads to arrive at a total load to be as part of the total load. The rat 
upplied by the service, there are ings of these appliance hould be 
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readily available from the branch 
circuit design calculations iJ 
which each fixed appliance was pro- 
vided with a separate individual 
branch circuit 

For electric space heating na 
building, the service entrance cor 
ductor must also include an 
amount of Capacity eq val ft tne 

im of all of the individual con- 
nected loads on the system. T} 


; 


sum of the unit heater 
Of cou! 


equal to the 
rating ! Wi 


ome oOo tne 
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imultaneously, a demand factor of 


lf than 100° may be applied te 
the total heating load But perm! 
on of the code enforcing a 
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Adding Motor Loads 
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the code ¢ than 100° demand 
factor ma be applied to the total 
motor load under certain conditio1 
and with the approval of! re 
thority enforcing the code I pica 
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than 100 demand for motor load 
lr lude tnose case \\ here educed 
heating of conductors results fron 


motors operating on duty-cycle 01 
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Load Totals 


Finally, other power load 


ly considered should be 
the total 


the service 


| reviou 
added to 


plied by 


load 


to be ip 


entrance con 


ductor Here again, 100% demand 
should be used unless it can be 
fairly well established that not al 


of this power load will be operat 
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load can be de- Emergency Electrical Systems 


izing service en 





Ur course, In occupancies where interruption of electrical power supply to the 
ver and lighting building would result in panic, hazard to iife or property or major pro 
duction loss, provision should be made for emergency supply of power 
in the event of failure of the regular supply. Such provision may be 
made by designing an emergency system of distribution and circuits 
supplied by 
1 and in many 1. 
minimum load to 

De 


the above in 
uld be divided 
procedures In 


established will 


storage batteries 


emergency generator set, 


2 
3 separate emergency service or 


subservice tapped ahead of disconnect means for the normal service 
conductors 


Code requirements and recommendations for emergency systems are 
given in Article 700. The scope of the section is described as follows 


Scope. The provisions of this article apply to the installation, oper 
ation, and maintenance of circuits, systems, and equipment intended to 
supply illumination and power in the event of failure of the normal supply 
or in the event of accident to elements of a system supplying power and 
illumination essential for safety to life and property where such systems 
or circuits are legally required by Municipal, State, Federal or other 
codes, or by any governmental agency having jurisdiction 


Emergency systems are generally installed in places of assembly 


where artificial illumination is required, such as buildings subject to 
occupancy by large numbers of persons, hotels, theaters, sports 
arenas, hospitals and similar institutions, Emergency systems may pro 
vide power for such functions as essential refrigeration, operation 
of mechanical breathing apparatus, ventilation when essential to 
maintain life lumination and power for hospital operating rooms 
fire pumps, industrial processes where current interruption would 


produce serious hazards, public address systems and similar functions 
See NFPA Building Exits Code for specification of locations where 


emergency lighting ts considered essential to life safety 
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Typical Design Practice 


hand analysis by our editors, the diagrams describ¢ 














N THE following pages, various wiring diagrams 















are given for specific types of buildings. Each electrical systems in the language of des#tyn—lines 

diagram should be studied by itself. These symbols and notations. They also indicate the type 
diagrams were selected to show modern design of diagrammatic presentations to be included in 
trends and to highlight special design details electrical plans. The use of single-line diagrams, 
Taken from job-report vhich have appeared in riser diagrams and equipment layouts—as shown 
Electrical Conatruction and Maintenance over the on these pages—is essential to clearly convey de 
past few years and which were developed from first ign concepts to the installer 


Hospitals 





SERVICE TO HOSPITAL UNGROUNDED CIRCUITS 
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Office Buildings 


480/277-VOLT DISTRIBUTION WITH 120/208-VOLT SUBS 


HBOARD FEEDERS 
E | Feeder | C.B | Feeder 


Feeder 
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] ] i 
(amps) (amps amps) (amps) | (amps) amps) 
+— _ - 4 — - = _ _ _ 
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PRIMARY SERVICE TO A LARGE OFFICE BUILDING 
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Industrial Plants 


DISTRIBUTION FOR AN AUTOMOBILE ASSEMBLY PLANT 
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Schools 


DISTRIBUTION FOR A MULTI-BUILDING SCHOOL 
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RISER DIAGRAM FOR A PROJECT APARTMENT HOUSE 


Apartment Houses 
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Airport Terminals 


DISTRIBUTION DIAGRAM FOR A TERMINAL BUILDING 
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Other Occupancies 


RISER DIAGRAM FOR 
A TELEVISION STUDIO 
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SERVICE ARRANGEMENTS FOR SHOPPING CENTERS 
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Residential 


ESIGN of an electrical system’ electrical design is revealed in the This includes kitchen lighting, hail 

for a residence follows the following breakdown of these steps. lighting, foyer lighting, bathroon 

same general procedure a The objective through the complete lighting, basement lighting, front 
used for commercial or industrial procedure is to arrive at a load- and rear door lighting, garage 
design. First, the conditions of load matched wiring system for the lighting and other fixed lighting 
must be analyzed, both present home-——a system matched by today’s inits. Such layout may require 
load known initial loads) and tandards to the load represented election of particular lighting 
anticipated future loads, From this by the many appliances and utiliza inits of various sizes to meet re- 
study, the number and sizes of tion devices which make for better juirements of the builder or home 
branch circuits are determined ny electrically ye In indicating these outlet 
Then by combining all of the mn et of floor plans for the 
branch circuit loads into a single Outlets iouse, the known or _ estimate 
load, the requirements of the serv atts be served by each outlet 
ice entrance to handle the total load sased on a study of initi: hould be noted 
can be determined. A full under requirements, the first step in re The next step is provisior 
tanding of the methods and pro idential design involve ayou f eceptacle outlets to afford cor 
cedure for mode residential sutlets for fixed lighting fixtures enient use of electrical appliance 


the various areas of the home. 


E- Receptacles are available in man 
| CIRCUITS FOR KITCHEN APPLIANCES es and types. There are standard 
luplieX and triplex convenience 
Typical Cirwit Number eptacle multi-outlet strip and 
Load in Breaker of Notes nolding with flexible arrange 
Watts Volts Wires or Fuse Outlets ent 0 convenience receptacle 


tlet veatherproot outlets Vitl 











Use of more than protective caps for use on outdo 
one outlet is per Di in other outdoor areas, 
mitted, but not itlets for clocks and fan 
recommended : 

receptacles for children 


' 20/4 0 





polarized receptacles to tak: 
OVEN tt Appliance may be grounding connection for ip 
(Built in) direct connected an ocking-type receptacie 





in the connected positio! 
P Appliance may be un pec il pur pose heavy~<iut} 
RANGE TOP 3- . 7 
direct connected eptacle fol electri range 
i 


e! eu 


RANGE TOP a 1 or more General-purpose convenience 


itacles of the duplex type sho 








M dad out 0 1 the perimete! 
These appliances Malad OUuL al int 
DISHWASHER may be direct con f living room, bedrooms and other 


nected on a single eneral living areas. Spacing of 





WASTE circuit. Grounded receptacle outlets should be sucl 
DISPOSER receptacles re thi no point along the floor 


quired, otherwise inbroken wall is more 





b ! a“ receptacle outiet. Care 
BROILER # Heavy duty appli hould 1 taken to provide recep 


ances regularly used in smaller sections 





at one location 


At Least 


2 should have a sep jaan 
FRYER Two 2 or more arate circuit Only fireplace , bookcases or windows 


one such unit should alway) convenience recepta 


Appliance be attached toa ould be spac ed to prov ide at lea 


COFFEEMAKER Circuits single circuit at ne for each 20 ft of wall lengt 


a time onvenience receptack 


segregated by doo! 


Kitchen 








*n, utility or work shop area 


REFRIGERATOR t Separate circuit ould be spaced even closer—one 
serving only re ; . 1 ft behind work counte: 
frigerator and 





benches. Spacing of receptacle 
freezer is 


tlete i? a ( he 5 
reenmeeiind lets in dining rooms can be 12 


FREEZER 


{tt betweer receptat les 
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Other convenience receptacles 
should be laid out for specific areas _ APPLIANCE CIRCUITS 
of the home—the bathroom, the _ 
pantry, refrigerator alcove and 





Typical Circuit Number 
load Load in Breaker of 
Watts Volts Wires or Fuse Outlets 


laundry area. Number and position- 
ing of these outlets must be de- Devices 
termined by the designer in 





accordance with the particular ar- , A 
chitectural layout of the areas and . Circuits for Laundry Areas 


with the nature of the work or 


activity involved IRONER 120 2#12, 20A See 


receptacle required 
Over and above general-purpose P 9 








outlets and convenience receptacles, 
spec ial purpose outlets must be WASHING 120 tt Grounding type 
MACHINE : receptacle required 


laid out to serve large known or 
anticipated appliances. The exact pa . 
> 4) . nce may be 

number of these outlets will vary aig 
aie , DRYER 12049 3 #710 30A. direct connected — 
must be grounded. 





with extent of electrical utilization. 
However, special-purpose outlets 





must be provided for such ap- 


Circuits for Other Loads 


pliances as electrical cooking ap- 
pliances, electric clothes washers, 


electric dryers, electric ironers, “AND IRON 1000 12 . 2or more 


dishwashers, food waste disposal 


units, water heaters, electric heat- WATER HEATER 3000 Consult Utility Co. for 


r irement 
ers, air conditioners, heat pumps, load requir 4 











fuel-fired heating units and other 
specific load devices. These appli- 

ances and devices should be either eee _— rocommandes. 
plug-connected to their supply 
circuits or direct-connected, as in- 
dicated in the accompanying table 
of residential circuits. 


Separate circuit 





Should not be con- 
PORTABLE t nected to circuit 
HEATER 1300 . serving other heavy 
duty loads, 





Circuits Should not be con- 


TELEVISION 300 ; . 2 or more nected to circuit 
Circuits used to supply residen- serving appliances 
tial electrical loads are divided into 





six basic types as follows: 
1. 120-VOLT GENERAL PUR- 
Pt SE ( [R¢ UU] | two No. 12 wires UNIT AIR CONDITIONERS 
has maximum design capacity of Number 
2000 watts. Circuits of this type Size of Average =_ Circuits Size of er 


: f Remarks 
must be provided to handle the Alt Conditioner Wattage Required Each Circ. eye # ” 
load of fixed lighting units through- 











out the house and the general- Use of 
purpose convenience receptacles in 3-wire, 
areas other than the kitchen, din- Air Conditioner 1200 Separate 120/240- 
ing, pantry, breakfast room, utility %, hp Circuit volt 
or laundry area circuits 

2. 120-VOLT APPLIANCE CIR- to unit con- 
CUIT—two No 12 wires—has ditioners 
maximum design capacity of 2000 offers 
watts. At least two such circuits Air Conditioner 2400 Separate 3#12 ; circuit 
must be provided to handle the ap- 1% hp 40 Circuit 120/240-v flexibility 
pliance load in the kitchen and for 120 or 

All receptacles in 240 volts 


] be connected to 


uit, excepting clock out- 








three No. 12 wires—has maxi- watts. This is a special-purpose 

120-VOLT SPECIAL PUR- mum design capacity of 4000 watts. circuit to serve an individual equip 
POSE CIRCUIT—two No. 12 wires This is a special-purpose circuit to ment load which is rated from 16 

has maximum design capacity of serve an individual equipment load to 24 amps at 240 volts 

2000 watts. This type of circuit is which is rated at less than 16 amps 6. 240-VOLT LARGE CIRCUIT 
ised to serve a single outiet (plug- at 240 volts three No. 6 wires (neutral may 
or permanently-connected) for an 5. 240-VOLT MEDIUM CIR- be smalle: has maximum design 
individual appliance or load device. CUIT—three No. 10 wires—has capacity of 10,000 watts. This is 


{ 


1, 240-VOLT SMALL CIRCUIT maximum design capacity of 6000 a special-purpose circuit to serve 
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10 Steps to Take in 


Calculating Size of Service Entrance Cor 


STEP 1. 


STEP 10. 


Calculate the load of general lighting and general-purpose receptacle 
outlets — to be served by 120-VOLT GENERAL PURPOSE circuits. For 
each 500 sq ft of floor area in the house (excluding porches, garages, 
unused spaces and unfinished areas, etc.), allow one such circuit. 
Allow an extra circuit for any part of 500 sq ft left over. Multiply the 
required number of circuits by 2000 to get the total load in watts. 
(It should be noted that the same figure could be arrived at by multi- 
plying the total square feet of floor area by 4 wotts per-sq-ft.) 


Add the total circuit capacity — in watts — allowed for the appliance 
load in the kitchen, dining room, pantry, laundry and utility area, to 
be served by 120-VOLT APPLIANCE circuits. This watts total can be 
obtained by multiplying the number of such circuits laid out in branch 
circuit design by 2000. Or an assumed load of 4000 watts (two appii- 
ance circuits) can be used when the exact number of such circuits js 
not known 

Take 3000 watts of the sum of Steps 1 and 2 at 100% demand. 


Add to this figure 35% (demand) of the remainder from the first 
three steps. 


The sum of Steps 3 and 4 is the amount of capacity which must be 
provided in the service entrance conductors to supply the general 
lighting and general-purpose receptacle loads 


Add 8000 watts for an electric range (not over 12 kw rating). If the 
electric cooking appliances consist of a built-in oven and-cange top(s), 
Table 29 in Chapter 10 of the code must be consulted to get the 
proper demand load 


Add together the rated watts of all fixed appliances to be served by 
individual circuits not previously accounted for in the calculation. If 
both electric heating and air conditioning are to be used in the house, 
the rating in watts of only the larger of the two loads need be used in 


this total, This is, of course, due to the non-simultaneous use of the 


two facilities 


Get the total of: the general lighting and general-purpose receptacle 
load (from Step 5.); the electric range demand load (from Step 6.); 
and 100% of the sum of fixed appliance loads (from Step 7.). 


Divide this grand total of watts by 240 (for 120/240-volt, 3-wire, 


single-phase service) to get the required ampere rating of the service 
conductors 


From Table | in Chapter 10 of the code, select the size of conductors 
which have the required current-carrying capacity, Table 4 in Chapter 
10 gives the required size of conduit to carry the service entrance 
conductors 
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MAY, 


one or more electric cooking ap 
pliances rated from 24 to 44 amps 
at 240 volts. 

These circuits are presented in 
this form to afford a quick and 
ready way to think of circuit re- 
quirements. The intent and logic 
behind such a breakdown of circuit 
should be fully 
to assure proper use of the infor- 
The circuits may vary 

from the indicated 
makeup for particular applications 
depending the type of 
wire or cable assembly used for the 
circuiting. Ground wires 
added necessary, 


understood 


types 
mation. 

somewhat 
and upon 
must be 
the 
instead of 


where and 


use of 3-wire 
multiple circuits—such as 
a single, 120/240-volt cir- 
cuit for two kitchen appliance cir 
cuits—offers wiring economy in 
The design ratings 
given are based on 80% loading of 
circuits to minimum volt- 
age drop on long circuits and to 
provide a measure of spare capa- 
city. Best design practice dictates 
the use of 50% fixed and regular- 
duty loading of general-purpose 
circuits full and flexible 
use of plug-connected portable ap- 


circuits 
2-wire 
3-wire 


many Cases. 


assure 


to allow 


pliances which are used for short 
but periods—like hair 
dryers, pressers, electric 


continuous 
pants 
hand irons, bottle warmers, vacuum 
cleaners and similar work appli- 


ances. 
Circuit Requirements 


for branch 
forth early in 
cover sizing of circuit 
conductors, selection and sizing of 
overcurrent protective 
(selected with the panelboard to be 
used) and loading of circuits. De- 
pending upon the general lighting 
load, the number of general-pur- 
outlets and the 
number and types of electrical ap- 
pliances to be used, circuits can be 


The requirements 
circuiting—as 
this report 


set 


devices 


pose receptacle 


laid out on the plans—using stand- 
ard symbols to show the various 
circuits, outlets, switch legs, home 
and other data essential to 
properly inform the installer of the 
finished system the designer has in 
mind. 
At least 120-volt 

purpose circuit should be 
for 500 sq ft or fraction 
thereof) of floor space in the house 
excluding This 
works out to 4 watts per-sq-ft of 
floor area. And this is circult capa- 
city for lighting 


runs 


one general- 
allowed 
each 


porches, ete 


general and 


1956 





"that ‘click’ means it's right..." 


“and these HYPRESSES sure save time." 


One piece, tubular design for dependable, 
rapid terminations of wire, cable. Easily 
installed with Burndy’s Y34A Hydraulic 
Hypress. Weighs only 9 Ibs., yet delivers 
18,000 Ibs. of compression. Overload valve 
automatically clicks off at proper indent 
depth. Installs splices SLD 


or terminals on #6 Str. thru 500 Mcm. cable 


type YA 


Norwalk, Connect. « Toronto, Canada « Other Factories: New York, Calif., Toronto « Export: Philips Export Corp. 
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out- 
lets. This much capacity is a mini- 
mum amount, In 
extensive 
special light 
throughout the 
will require greater circuit capacity 
for the load. In the 
should be and 
circuited carefully to assure proper 


general-purpose receptacle 
recommended 


some cases, the use of 
general lighting and 
ing effects house 
such cases, 


loads broken down 
circuits. In 
total general load 
must be divided among the number 


loading of any case, 


however, the 
circuits used, 
back-to-back outlets in 
partitions utilizing 
split-wired 
receptacles to effect balanced load- 


of general-purpose 
laying out 
interior and 
three-wire circuits to 
laying out each circuit to 
serve a few of the outlets in each 
of several conforming ac- 
tual positioning of receptacle out- 
lets to keep cireuit lightly 
loaded when utilization 


ing. By 
rooms, 


each 


heavy 


exists in a single room, the possi 
bility of overloading either side of 
the 3-wire system can be virtually 


eliminated. 


Appliance Circuits 


In the kitchen and dining room 
including the pantry 
breakfast room), at least two 120- 
volt appliance circuits must be pro- 
vided 


areas and 


such circuits 
must also be provided for the laun- 
dry area, depending upon the loca- 
tion and the total and the 
work should 
one or more circuits of this type. 
Other circuits are de- 
scribed on the previous pages. 
Other circuit requirements for a 


Qne or more 


load; 


utility or room have 


appliance 


typical house are given in the ac- 
companying table which gives com- 
plete data for each type of appli- 
ance or device 
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Service Entrance 
Calculation of the size of service 


entrance conductors and layout of 
the service equipment and distribu- 
tion either a_ single 
center in the 
garage, combined with or adjacent 
to the equipment, or 
or more local power centers on the 
upper floors of the house in addi- 
tion to the service entrance panel- 
of the 


provision 


equipment 
load basement or 


service one 


board) are made from study 
load and branch circuit 
A straightforward procedure for 


sizing service entrances is given 


T nis 
substitute for 


in an accompanying box. 
procedure is no 
branch 


from the 


engineering design of the 
circuit 
service 


system supplied 
entrance. The 
requires careful and knowing in 
sertion of 
ditions 


pI ocedure 


data based on load con- 


MAY, 195¢ 





progressive california lettuce industry 


™ ms 


secects ({/}H/ MAN 


POWER CENTER TRANSFORMERS 

















Packed in cartons in the field and refrigerated . . . California lettuce 
reaches any part of the world as fresh as the day it was picked . . . with the 
help of KUHLMAN power. 


The KUHLMAN 750 KVA power center, illustrated above, supplies power for 
one of California's ultra-modern lettuce packing plants. KUHLMAN throughout . . . 
a network of small dry type transformers puts power where it is needed at the right 
voltage for each carton manufacturing operation. 


Specify KUHLMAN for your plant modernization . . . you'll find KUHLMAN power 
centers can meet your special requirements. Get all the facts from your local KUHLMAN 
representative 


% 


COMPANY 


BAY CITY. MICHIGAN CRYSTAL SPRINGS, MISSISSIPPI SALINAS, CALIFORNIA 
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Whatever 
the job 


HEAVY DUTY Permacel Plastic Electrical Tape is excellent for all jobs 

requiring high dielectric strength and good conformability. Will not support 

combustion and is ozone-resistant. Here, used as a bus bar covering, Permacel 
Be ne 


30 is superior for all types of electrical insulating, splicing and protecting 


t 


7s eee 


Permacet Tare 


Write Permacel Tape Corporation, New Brunswick, NJ 


the right tape for any jab 


From Permacel Research 
a Gohwronaflohmron company 
\ 
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Lighting Systems 





HE first step in designing a 
lighting system is to make a 
thorough analysis of the light- 
ing problem. This analysis will in- 
clude the determination of the see- 
ing tasks which will obtain, of the 
desired lighting result, and of all 
physical and structural details of 
the area, or areas, to be lighted. 
Seeing tasks and desired lighting 
results will depend on the type of 
work or activity to be carried on 
in the If the areas are to 
be used for manufacturing, it will 
also be necessary to determine the 
type of production which will be 
done in each area, in order to more 
accurately appraise the seeing task. 
If the used for 
offices, or drafting rooms, or school 
classrooms, as much information 
obtained about the 
specific work to be done as possible 
for the Or, if the 
are to be used for stores, 
banks, hospitals, etc., determine the 
exact problems for 
This in 
formation will be needed as a guide 
in the selection of the proper light- 
ing intensity, and of a suitable type 
of lighting system to provide the 
best possible lighting result. 
Physical 


areas. 


areas are to be 


should be 
Same reason. 
areas 
seeing each 


specific room, or area. 


considerations include 
ceiling heights, 
and reflectances of ceilings, 
floors, furnishings or 
machinery, the degree of light in- 
terference by machines, furniture, 
, and in the case of re- 
the Wiring ca- 
Physical considerations also 
elements and 
detail, especially 
equipment, is in- 


area dimensions, 
color 


walls, and 


workers, et 
lighting, existing 
pacity 

include 
architectural 


structural 
where concealed 
volved 

Once the type of activity or work 
will be 
this activity or 


determined, it 
possible to classify 
work 


severity of the 


has been 
according to the degree of 
tasks. This 
in turn will enable the lighting de- 
range 


visual 
signer to 
for the which 
should be provided for each activ- 
ity or type of work, and for each 
area of the project. Suitable levels 


of illumination have 


suitable 


selex t a 


lighting intensity 


been deter- 
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SEVERITY OF VISUAL TASKS* 


up 
mended. 
volving considerable length of time 
“are 
ing 
values below ten footcandles should 
generally be 
footcandles are considered adequate 


TYPICAL VISUAL TASKS 





~ 1000 footcandles and above. 
Major surgery. Special display lighting. Combating show 
window reflections in daytime. 





— 500 to 1000 footcandles. Show win- 
dow and display lighting. High-lighting. Color identifica- 
tion. Special inspection. 





— 250 to 500 footcandles. Extra fine as- 
sembly. Fine inspection. Color work. Display lighting. Show 
window lighting. 





— 125 to 250 footcandles. Fine assembly. Fine | 


machining. Inspection. Show windows. Counter displays. 
Fine drafting. Stencil cutting. 





— 60 to 125 footcandles. Proofreading. Show | 


cases and wall cases. Counter displays. Drafting. Type set- 
ting. General assembly. Automatic machinery. 





— 30 to 60 footcandles. General fabrication. 
Sewing on light goods. General merchandising. Desk work. 
Classrooms. Laboratory work. Library reading rooms. 





— 15 to 30 footcandles. General processing. 
Woodworking. Cafeterias. Pressing. Circulation areas. 
Casual desk work. Conference rooms. Auditoriums. 





— 7 to 15 footcandles. Auditoriums. Dining areas. 
Reception rooms. Stock rooms. Wash rooms. Loading. 
Packing. Rough work. Foundries. Shipping. 





7 footcandles and less. Hallways and 
corridors. Passageways. Outdoor storage. Circulation 
areas. TV viewing. Dining. Night clubs. 





"Arbitrary classification, but bosed on assumption that any visual task 
that is twice as difficult os another requires twice as much light for 
equal seeing ease. 


mined through experience, study, 
and 
form 


research, and listed in chart 


(chart above) 


For general lighting, intensities 


Surface 


to 150 footcandles are recom- 





ILLUMINATION IN FOOTCANDLES 


Reflectance 
Range (%) 





Where seeing tasks in- « 
Ceiling 
involved, even though the see- Upper Walls 


tasks are not very difficult, Trim 
Machines 


avoided. Ten to 35 


Lower Walls 


Furniture 


for general rough work, such as the 


hi rhting 


Floors 
of restaurants, passage- 
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Visual Field . 


Ratios 





Between visual tasks and adjacent surroundings (e.g. — white 


paper and desk top) 


Between visual tasks and more remote darker surfaces (e.g. — 


white paper on desk and floor) 


Between visual tasks and more remote brighter surfaces (e.g. - 


white paper on desk and luminaires) 


Between luminaires and adjacent surfaces in normal field of 


view 


Anywhere within normal field of view (e.g. — between luminaire 


and floor) 





ways, foundries, and of packing, 
loading and shipping departments. 
Sut as the task 
more critical, as in offices, banks, 
stores, and drafting 
rooms, lighting intensities of from 
35 to 100 footcandles and above are 
recommended. 

Supplementary lighting is nor- 
mally used to provide lighting levels 
in excess of 100 footcandles. Such 
intensities are desirable in display 
lighting in and show win- 
dows, for sewing on dark ma- 
terials, for inspection, and for as- 
sembly of fine parts, color work and 


seeing becomes 


classrooms 


stores 


color identification. Supplementary 


lighting will usually be required 
for critical size of the seeing task, 
and under average to poor contrast 
conditions. Caution is urged in the 
use of supplementary lighting, as 


the introduction of high levels of 
illumination over a relatively small 
area may become a source of glare. 

The age of employees or people 
occupying an area is also an impor- 
tant consideration when 
the lighting intensity for any 
specific work area. More light is 
required for equal ease in seeing 
for older persons, since eyes be- 
come less responsive with age and 
higher lighting levels will help 
these older persons to see faster 
and more accurately. 

On relighting projects the light- 
ing designer should carefully sur- 
vey all existing structural details 
and be sure the lighting system he 
recommends is feasible and practi- 
cal, and that the luminaires and 
equipment can be installed in the 
locations indicated. 


selecting 


Selection of Lighting System 


Lighting systems are classified 
according to type of light distribu- 
tion, and to type of luminaires and 
lighting equipment. The five basic 
types are direct, semi-direct, gen- 
eral diffuse, semi-indirect, and in- 
direct. The light distribution pat- 
tern from practically any type of 
luminaire or lighting equipment 
falls into one of these basic types. 

Luminaires and lighting equip- 
ment are further described as 
residential, commercial, industrial, 
or institutional, according to gen- 
eral application, and as 
mounted, suspended, ornamental, 
concealed, recessed, and architec- 
tural, according to method of in- 
stallation. 


I'he lighting engineer has at his 


ceiling 
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disposal today the greatest array 
of light sources, luminaires, light- 
ing units, reflectors, wiring strips, 
lenses, diffusers, louvers, color de- 
vices, etc. in the history of light- 
ing. Selection of the proper units 
and devices to accomplish any pre- 
determined lighting result, or 
lighting effect, is more or-less of a 
nut-and-bolts problem, and these 
units and equipments are available 
on a mass produced, inexpensive 
basis—not as custom-made high- 
priced equipment. The lighting en- 
gineer creates a custom job of 
these mass-produced units and 
components, however, by tailoring 
their combination and assembly to 
meet the individual requirements 
of each customer. 


Once an analysis of the lighting 
problem has been completed, and 
the type of lighting results re- 
quired is known, the lighting de- 
signer begins to select an appro- 
priate type lighting system step-by- 
step, and component-by-component. 
First, he determines which type of 
light source will provide a suitable 
color quality of illumination. Next, 
he considers which basic type of 
lighting system will provide the 
quality of illumination that is 
needed, efficiently. Then he 
siders what type of luminaires or 
equipment will fit into the struc- 
tural details of the building, what 
type of equipment layout fits into 
the area, and how the luminaires 
and the equipment layout will con- 
form with the architectural design 
and appearance of the structure. 
These steps may be exploratory on 
a mental basis, or may be set down 
as notes for a trial and error analy- 


con- 


By this process, various sys- 
tems and components may be elimi- 
nated until only two or three types 
of equipment seem to be suitable. 
Then preliminary layouts and cal- 
culations are made on each type of 
equipment until system 
emerges which best all re- 
quirements. 

Some of the factors to be con- 
sidered in selecting the light source, 
or sources, for any specific lighting 
application include color quality of 
the light produced, total lumen 
output per lamp, physical size of 
the lamp, lamp life; lumen depre- 
ciation throughout life, efficiency 
of converting electrical energy into 
light, stroboscopic effect, how hot 
the lamp gets when burning, and 
the effect of ambient temperature 
surrounding the lamp on its light 
output. 

There 


sources 


S18. 


one 
meets 


types of light 
incandescent, fluorescent, 
and mercury. Between these three 
types it is possible to find a size 
and shape to meet almost any light- 
ing problem presented. Some of the 
more popular types used for gen- 
eral lighting purposes listed 
in the table (next page), with 
columns showing average light out- 
put, and operating life, two impor- 
tant factors to be considered when 
selecting the lamps to be used. 
Every lighting engineer should, of 
course, have in his files for quick 
reference full information on com- 
plete listings of all three types of 
light sources, 


are three 


are 


Incandescent lamps are point 
sources of light, and light distribu- 
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Two new and valuable “‘Tools''for increased production 


Because they embrace the 12 most important advances noying shadows and severe brightness contrasts. The 
Z 


in the history of industrial lighting, these two new RLM deep 30° shielding is ideal for new high-output lamps 


re 


by Miller increase worker efficiency, lessen THE MILLER “CROWN” RLM INDUSTRIAL is ideally 
of costly materials and skilled labor time 


re 


suited for application in general manufacturing areas 
THE MILLER" IMPERIAL” RLM INDUSTRIAL combines 


Apertured to give necessary minimum of 10% up 
maximum vis 


ial comfort with the high levels of illu light 


plus ventilation to keep fixture cleaner, longer 
mination which are 


essential for critical seeing tasks For expert application assistance contact your local 


MILLER representative or write us for information 


uplight for ceiling illumination eliminates an 


THE MILLER COMPANY + GENERAL 


OFFICES MERIDEN, CONN 
OHIO and MERIDEN, CONN 


* FACTORIES: UTICA, 
© IN CANADA: CURTIS LIGHTING OF 


CANADA LTD., TORONTO 


y 
MN | | | e if THE MILLER IMPERIAL RLM INDUSTRIAL 
‘ 
es . . i Gee a Re er tn Ai 


p- / 
1 f WU, Z UjhliMt 
} : 


7 fOr 
4 — JA f b 
LA hHlUyflkii ¢ tts AM 


MILLER CROWN RLM INDUSTRIAL 





Type SO 





Type! 





10-40 % 


90°100% 60-90 % 40°60 % 


Direct 





Semi-direct | Generoidiffuse| Semi-indirect 


90-100 % 


0-10 % 





indirect 





INCANDESCENT LAMPS 





Rated 
Life 
(Hours) 


Initial 
Output 
(Lumens) 


Mean 
Output 
(Lumens) 


Lamp Designation 


Burnouts 
Per 
BLH* 





100-watt 
150-watt 
200-watt 
300-watt 
500-watt 
750-watt PS52° 
1000-watt 5$52° 
500-watt R52 

750-watt R52 


A2| rs Ce 
A23 re 2,70 
A25 , 
PS35 

PS40° 





*Coiled-coil filament axially mounted 





FLUORESCENT LAMPS 





Rated 
Life 
(Hours)* 


Initial 
Output 
(Lumens) 


Mean’ 
Output 
(Lumens) 


Lamp Designation 


Burnouts 
Per 
BLH* 





F40T12/CW 
F40T12/D 
F9OTI7/CW 
F90T17/D 
F48T12/CW/RS (800 
F72T12/CW/RS (800 
F96T12/CW/RS (800 
F48T12/CW Slimline 
F96T12/CW Slimline 


ma) 
ma) 


ma) 





*Based on 3 burning hours per start 
** Approximate mean output at 40% life 





MERCURY VAPOR LAMPS 





Rated 
Life* 
(Hours) 


Initial 
Output 
(Lumens) 


Mean 
Output 
(Lumens) 


Lamp Designation 


Burnouts 
Per 
BLH*® 





H250A5 
H400E! 
H400J1 
H400R! 
H400RC1 
HIOO0OA15 
H3000A9 


ne 





*Rated life data shown are averages from tests of lamps burning five hours 


per start in appropriate industrial type reflectors. 


**Designates economic life of the lamp under typical average operating 


conditions 
*Average lamp burnouts per billion lumen hours (calculated) 





tion can be controlled fairly 
accurately. Rated life is low, aver 
aging about 1000 hours actual burn- 
ing. The lamps get quite hot when 
burning, but their light output is 
not affected by changes in room, 
or ambient temperature. These 
lamps are available with clear 
glass, or frosted bulbs, and reflec- 
torized, in several shapes. In gen- 
eral, the light output based on 
physical size of the lamp is high. 
This permits higher lighting levels 
to be obtained with fewer lumi- 
naires of smaller size, and normally 
at lower first cost for the lighting 
equipment. Color quality of the 
light produced is yellowish, at 
lower wattages, ranging to yellow- 
ish-white in the higher wattages. 
The color of different 
different. Color correction, or use 
of the lamps as sources of colored 
light is accomplished by subtrac- 
tion, or filtering out the unwanted 
colors with color filters. By virtue 
of their short burning life, they 
have to be replaced often, increas- 
ing maintenance and operating 
But of their sim- 
plicity, they can be replaced easily 
by anyone. 

Mercury lamps have long life, 
average 6000 or more hours. They 
are approximately double the ef- 
ficiency of incandescent lamps. 
They have an approximate point 
source for accurate light control, 
but they require an auxiliary trans- 
former for operation. They 
subject to a decrease in efficiency 
in abnormal ambient temperatures, 
and require a warming-up period 
in starting, and a cooling-off period 
when they are turned off, before 
they can be restarted. Their uncor 
rected color quality is a_bluish- 
green white, but they are 
available with a _ color-correcting 
fluorescent phosphor coating which 
greatly improves their color. The 
light output per lamp is high. This 
makes them highly suitable for 
lighting large areas per lamp, 
especially where accessibility to the 
lamp is difficult, as in street and 
highway lighting, floodlighting, 
and the lighting of medium and 
high bay areas in industrial plants. 
The color quality of the light pro- 
duced, especially by the new color- 
corrected lamps, is also suitable for 
these areas. 

Fluorescent lamps are line 
sources and are excellent for use 
where diffuse light distribution is 
indicated. They have long life, 
ranging up to 15,000 hours of op- 


wattages is 


costs. because 


are 


also 








... but very costly 


Replacing a blown fuse with one of the wrong rating 


is common. . . often the natural thing to do when the correctly 

rated fuse is not at hand 

This mistake, whether it is in error or an expedient means of 

putting the protected equipment back in service, is costly. 

It accounts for poor product reputations and costly service 

expense to manufacturers. 

There is no margin for error when your equipment incorporates 

HEINEMANN CixcuitT Breakers. The correct rating is built 

right into your product. Once fault conditions have been corrected, 

service is restored instantly and easily with just a flick of the 

circuit breaker handle. No replacement necessary 

And, since HEINEMANN CircuIT BREAKERS serve a8 a power 

switch, too, overall costs of a circuit breaker and comparable fuse 

installation are quite close. 

Send for your copy of the Circurr BREAKER ENGINEERING Guide, Heinemann General Purpose Three- 
F ‘ Pole Circuit Breaker, Available in 
just ask for Bulletin 201. ond gr Remtenet setinee Son © oe 


amperes.) Ratings are not offected 
by ambient temperature 


ELECTRIC COMPANY 
132 Plum Street, Trenton 2, N. J. 
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Burning Hours Per Start 
Type Lamps 





6 12 Continuous* 





Starter-Operated (15-, 
20-, 25-, 30-, 32-, 40-, 
90-, and 100-watt) 





Rapid Start 





All T-12 Slimline 





T-6 and T-8 Slimline 











Cold Cathode LP 
Cold Cathode HP 











“Light output depreciates steadily as lamps are burned. Where infrequent 
starting or continuous burning is involved, lamps should be replaced before 
they reach average life for greatest lighting value. 


Lumens 


per 
Watt** 


Watts Consumed Lumens 
per 


Lamp 


Line 
Current 
(amps) 


Number and Type 
of Lomps 


Weight 
(Ibs) 





Ballast Per Lamp’ 





FOR 60 CYCLE, 110-125-VOLT CIRCUITS 





20 
30 

40 

40TI7IS 
48112 

72712 

96T12 
48T12RS 
4811 2RS/800 
7271 2RS/800 
96T12RS/800 
90TI7 


9 

18 

16 

30 

30 

34 

1.60 34 
85 12 
1.30 30 
1.70 30 
2.00 20 
1.00 21 


aAWWODOUCO WwW 


OMWMUUUN A 


o 
° 


ae 
of 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


10.0 





FOR 60 CYCLE, 220-250-YVOLT CIRCUITS 





. 40 45 18 
~ 9OTI7 X 93 31 
48TI2RS 43 13 





CYCLE, 240-280-VOLT CIRCUITS 





40 5.3 37 18 
48T12 10.0 43 28 
727112 9.5 30 
96T12 9.5 30 
48T12RS 4.0 : 12 
48T12RS 11.0 : 18 
96TI2RS/800 14.0 20 
9OT17 14,3 3] 
9OT17 16.5 , 36 


a NN WRN NR DR RO 





“Includes lamp wattage pilus watts loss in ballast 


** Overall efficiency, including ballost watts loss 
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Multiplying 


Color of Lamp "etl 





Deluxe Cool White 
Deluxe Warm White 
Daylight 

Soft White 

Green 

Gold 

Blue or Pink 


Red 


(Single Phase — Volts) 








High 
Frequency 


Incandescent} Electric 
Filament 


Lamps 


Discharge 


Lamps Systems 














*Phase-to-phase voltage, with grounded nevu- 
tral to provide less than 300 volts to ground 
(NECode ruling). 


eration in service, but averaging 
around 7500 hours based on normal 
practice of turning the lighting on 
and off which affects their life. 
Fluorescent lamps produce more 
light watt than any other 
light source, Color quality can be 
controlled by the phosphors 
and produces colored light addi- 
tively, or positively, which makes it 
ideal as a source for colored light. 
But in spite of the high efficiency 
of fluorescent lamps, their total 
light output per lamp is relatively 
low, thus requiring several lamps 


per 


used, 


of relatively large size to produce 
a specific level of illumination. 
They require ballasts for operation, 
and are reduction in 
efficiency in abnormal temperatures, 


subject to 
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Irregular shaped ceilings often 
posed difficult lighting problems 
...until GrateLite was invented. 
This is a louver that can be fit- 
ted to any shape! 


raul, 


A new concept of ceiling design 
that distributes the light evenly 
throughout the room without glare 
and annoying shadows —an inviting, 
eye-soothing illumination of high 
intensity at low brightness. 


Yer odld-thopal, cana. 


“Auvusi OImEnd 


INNOSSIW ‘Hd3SOfF “LS 


aii ests 


/THE EDWIN F. GUTH 
COMPANY 
'ST. LOUIS 3, MO. 
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NAME IN LIGHTING 
SINCE 1902 


39¥ 39000 


‘N39 ADIN 


May we send you detailed information 
and layout guide FREE? 


‘WNITVS “391330 


“NY™M 
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PYLETS are completely, permanently protected 


with CADMIUM PLATING—CHROMATE-SEALED! 


Rust and corrosion never get a chance at Pylet Conduit 
Fittings! A thick, heavy, all-over coat of cadmium plating 
... sealed in with a protective coat of chromate finish . . . 
makes Pylets stubbornly resistant to moisture, dust, or 
corrosive atmospheres. No other fitting provides this 


overall protection! 


ALL SURFACES PROTECTED 
Even threads and interiors are 
protected. Nothing spreads over- 
all as thoroughly as cadmium! 


EXTRA THICK PLATE 
provides hard-to-mar, lasting pro- 
tection! 


CHROMATE-SEALED 
to preserve high luster and give 
extra protection against corrosion! 


AUTOMATIC PLATING 
CONTROL 

Processes are scientifically timed 
for uniform thickness and cover- 
age. Laboratory tests maintain 
constant quality control. 


CORROSION-FREE THREADS 
Conduits and covers are ALWAYS 
easily removed. There's no thread 
breakage! 


Meets UL and all applicable Federal Specifications for cadmium plating! 


INCE 189) 


Branch Offices and Agents in Principal Cities of the U.S. ond Conade * Conodian Agent: The Holden Co 


International Railway Supply Co., 


cir NTR l » 2 
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lighting design purposes. However. 


i: 


eb 


act | 


PYLETS are available in a complete line in- 
cluding circuit control lugs and recep 
tacles tor all environm s, industrial lighting 
fixtures, and flood! 18 alloy parts are 
cadmium plated and chromate sealed. Pylet 
literature furnished on request. 


Sold nationally through authorized distributors 


THE PYLE-NATIONAL COMPANY 
WHERE QUALITY IS TRADITIONAL 
1344 N. Kostner Avenue, Chicago 5], Illinois 


ANT RECEPTACLES ® 


number of lamn lumone 


»>HTIN 


, ltd., Montreal « Railroad Export Deportments 


30 Church St., New York 7, N.Y. © Industria! Export Department: Rocke International Corp., 13 E. 40th St., New York 16,.N.Y. 


FIXT RES ®* Fil Dt! 
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either higher or 
age, 
ciency 


frequencies 


lamps are being used for providing 
ge 

mercial applications and in low to 
medium 
tions 


A customer buys a lighting system to provide an adequate, comfortable and 
appropriate lighting result — not because he wants luminaires, lamps, con- 
duit and wiring. 

luminaires and lighting equipment selected should be appropriate for the 
structure and the seeing problems involved. Appearance, functional design, 
direct and reflected glare, shadows, maintenance, and lighting efficiency 
are all factors to be considered. 

The lighting layout should fit the structural details of the building. If plans 
and drawings are not available, survey the interior and note location of 
columns, beams, obstructions and other architectural features. 

Use conventional layouts with symmetrical spacing of units, if possible, with 
luminaires parallel and perpendicular to walls. Special geometrical patterns 
may be suitable in some cases but should be avoided generally unless they 
serve a specific functional or design purpose. 

Use continuous-row fluorescent luminaires in preference to individual units 
The completed installation will look better and usually results in economies 
in wiring and installation. 

Recessed and built-in lighting equipment does not light the ceiling. Check 
your layout and room surface reflectances to see that use of such equipment 
will not produce uncomfortably dark ceilings nor excessive brightness ratios 
in the normal field of view. 

Efficiency of trans-lighted ceilings is dependent to a great extent on the 
reflectance of the plenum cavity. Be sure lamps can be mounted sufficiently 
high above diffusers or louvers to provide uniform brightness and spaced 
properly to provide desired intensity. Paint entire cavity white with highest 
possible reflectance. 

Suspended luminaires of the direct-indirect type often preduce the best light- 
ing result most economically. Check the suspension length carefully and limit 
it to the dimension which gives reasonably uniform ceiling brightness. 
Luminaire spacings should be used which produce uniform illumination and 
prevent undesirable shadows. 

Consider the finish and reflection factor of ceiling and side walls. Recom- 
mend proper colors and finishes to provide surrounding brightness conditions 
which promote eye comfort and good seeing conditions. 


Plan the maintenance program along with the lighting layout. Be sure that 
all luminaires and lighting equipment are easily accessible and are designed 
to be cleaned easily and quickly. 

Double check all calculations and details to insure the proper number of 
units and the ultimate desired lighting result. 


lower than 
increase in 


aver- 
effi- 
higher 


medium to high bay applications in 
industry, for floodlighting, and for 
street lighting. Incandescent lamps 
remain more popular for home use, 
for direct lighting in stores, and 
for display and window lighting, 
for floodlighting of most sports 
areas, and for many special appli- 
cations, especially where accurate 
light control is needed. 


Lighting Calculations 


designer 


They 


when 


al 
als” 


operated at 


In general practice, fluorescent 


neral illumination in most com- 


bay industrial applica- 


Mercury lamps are used for 


The lighting needs a_ provide far too little illumination of 


common basis for analysis of one 
lighting system another, 
of the wide 
variety of materials and luminaire 
shapes, and the broad range of con- 
trol methods available to him, and 
to keep lighting design on an ac- 
and s basis. Other- 
that most 

lighting 


versus 


particularly in view 


curate ientific 
wise, it is contended 


installatior of electri 
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the quality desired, and that the 
limiting factor is economic rather 
than technological. Fortunately, the 
designer has such a basis for analy- 
sis in the several available methods 
for ‘making lighting calculations. 
Because of their simplicity, the 
Lumen Method is recommended for 
estimating general lighting intensi- 


ties, and the  Point-by-Point 


MAY 


Method for estimating supple- 
mentary lighting intensities, For 
commercial purposes these two 
methods are entirely adequate, and 
equipment manufacturers are sup- 
plying photometric data of the type 
needed for using these methods, 

The design of general lighting 
systems is governed by room di- 
mensions, structural features, re- 
flection characteristics of walls and 
ceilings, mounting heights of the 
luminaires, and the distribution 
and maintenance characteristics of 
the luminaire. The choice of the 
luminaire depends on the service 
to which it is to be put. This as- 
certain experience in 
other aids, such as 
manufacturers’ data, These assist 
the designer in making a selection 
appropriate from the standpoints of 
freedom from glare, efficiency, deco- 
rative value, and economy. The ulti- 
mate “brightness pattern” of the 
room is also an important factor 
in the design. 


sumes a 
selection, or 


In designing general illumina- 
tion for an area, the lighting de- 
signer first considers the provision 
of a specified average footcandle 
level of illumination to a horizontal 
plane (work plane at 30 in. above 
floor) in the area. This continues to 
be the only criterion for measuring 
the lighting result directly with a 
meter (which is unfortunate, as 
several other factors are equally 
important). The light generated 
by the lamps in such a system is 
variously affected and considerably 
reduced by reflection, diffusion, and 
impinges on re- 
flectors and transmitting media in 
the luminaires and on ceilings, 
walls, floors, and on objects in the 
room. The Lumen Method of light- 
ing calculation, incorporating the 
Room Ratio method of general 
lighting design and Coefficient of 
Utilization data for a _ specific 
luminaire based on its type of light 
distribution, takes into account 
many of these variables in deter- 
mining the average lighting level. 

Presented here is a condensed 
Room Ratio table for quick refer- 
ence, plus the Room Ratio formula 
for use when other dimensions ob- 
tain than those given in the table. 
Also given are coefficients of util- 
ization for the five basic types of 
light distribution, These tables can 
be used to determine the CU value 
for use in the Lumen Method 
formula for lighting calculation, 
and in general will be found suffi- 
accurate for most general 


absorption as it 


ciently 
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lighting design purposes. However, 
the practicing lighting designer 
should have on file complete CU 
tables for each luminaire he uses 
in his layouts, as supplied by the 
manufacturers for their own spe- 
cifie these CU 
values used where comparisons be- 
made. A con- 
version table is given (below) for 
Index values to 
Room Ratio values where manufac- 
still show Room In- 
dex listings of letters A to J. 

Average “in service” footcandles 
of genera! illumination can be esti- 
mated for a room, by inserting ap- 
propriate values in the Lumen 
Method formula given in the Light- 
ing Formulas Table (below, left). 
The procedure is as follows: 

1. Determine the “total initial 
lamp lumens” by multiplying the 


units, and accurate 


tween systems are 


toom 


converting 


turers’ tables 


Type Lighting 


number of lamp lumens per lamp 
by the number of lamps in the 
room. 

2. Determine 
square feet. 

3. Determine the Room Ratio for 
the dimensions of the room and 
the mounting height of the lumin- 
aires from the Room Ratios table, 
and then, using this Room Ratio 
value, determine the coefficient of 
utilization (CU value) for the 
luminaire being used, or for the 
basic type of light distribution of 
the luminaire in the “Coefficients 
of Utilization for Five Basic Light- 
ing Systems” table. 

4. Determine the maintenance 
factor (MF in the formula) for the 
type of luminaire being used. MF 
values are also shown in the CU 
table given here. 

5. Apply these 


area of room in 


values in the 





General 


Lumen Method formula. The result 
will be the calculated “average 
footcandles” maintained in service 
which may be expected after the 
luminaires have been installed and 
in use long enough for dust, lamp 
life and dirt to depreciate the 
initial light output to the value 
estimated for maintenance depre- 
ciation. By eliminating the MF 
value from the formula, the “initial 
average footcandles” will be indi- 
cated by the formula. 

Large areas use light more effi- 
ciently than do small areas, as is 
indicated by the CU table for dif- 
ferent Room Ratio values. This is 
the ratio of wall area to 
floor area is less in larger rooms, 
and there is proportionately less 
surface to absorb the light. 

Various methods for calculating 
illumination values for luminous 


because 


Height of Luminaire above Floor” 





8 


10 12 15 19 27 43 








Supplementary 





Floodlighting 





Street 


_ Wwxl 
™ H(W + L) 








To determine room characteristics in terms of room pro- 
portion (with respect to light utilization): 


For oblong rooms — 
W xl 


(A) Room Ratio = Wwe 


For square rooms — 


WwW 
B) Room Ratio = —— 
; 2h 


in which: 
w= 
.4ae 


H 


Room width (feet) 
Room length (feet) 


naires, or to the ceiling. 


Height from work-plane to light-center of lumi- 











To determine average illumination of the work-plane in 
footcandles (or lumens per sq ft) — Lumen Method: 


total initial LL x CU x MF, 


(C) 


’cs 





A (sq ft) 
Average 
(D) tifa at 
work-plane initial 
= Lamp lumens 
= Coefficient of utilization 
= Maintenance factor 


lumens reaching = total it x CU x MF, in which: 





100 
140 








"Work plane 30 in. above floor. Mounting height is floor to luminaire 





light output is less than 40% 





where downward component is 40% or more of light output 


When 


mounting height is floor to ceiling 
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Don't let42™ ivy 
short-2 circuit his 


WORK 


45 


i >. ’ 


can be relied on for effective 


PREVENTION: Effectively wards off poison ivy, poison oak, 
poison sumac 
— if applied before exposure 
— or within eight hours after exposure 


RELIEF: Eases itching and retards spread 
— if applied in early stages 


Contains hydrous zirconium oxide 
4%, Bristamin dihydrogen citrate 
1%, in a non-greasy lotion base. 


Bristol 


LABORATORIES INC 
\. SyRacuse. NEW YORK 


— 
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For top value...in any type... get JENKINS 


FRICTION - RUBBER - PLASTIC 


“Tape-saver” size, we call these 20 ft. rolls you get in 
the 10-roll container of Gold Seal Plastic Tape. It’s enough 
for the average job... less tape gets “lost”. Workers 


like the small size. It “swings” easily in tight places. 


You get every advantage of Plastic Tape with the 
plus of proved Gold Seal quality. Try it... 
sample free. Jenkins Bros., Rubber Division, 


100 Park Ave., New York 17. 


ELASTIC — 
MOLDS TO SHAPE 


TOUGH PLASTIC DEFIES 
WATER, OIL, SOLVENTS, 
q) SUNLIGHT, AND WEATHER 
f 


‘ ; 
‘Pox | 
\ 
{ \. 


e: STICKS OW- 
“F) STAYS ON 


ee | 


NEAT, THIN 
WRAPPING 
— FULLY INSULATES 
<JENKINS 
joy 
Gold Seal Plastic Tape — Hondy Pock 


of ten 20 ft. rolls and single 60 ft. rolls 


in round metal cons 
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ceilings are currently in use. It is Depending on the area to be selected. This procedure has the 

recommended that lighting design- lighted, it is often necessary to advantage of making it possible to 

ers follow the method recom- first select the type of luminaire’ use a lighting system with specific 

mended by each manufacturer for which is to be used, and then plan desirable characteristics, and to 

calculating the lighting levels for the equipment layout around the adapt the layout to meet the neces- 

each manufacturer’s own equip- light distribution of the luminaires sary conditions imposed by the size 

ment untii a universal formula is 

adopted. The CU values given in 

the accompanying “Coefficients of ; 

Utilization for Luminous Ceilings’ Ba en alee te * : 

Typical Ceiling 80% 50% 80% 

specified conditions for specific Light Walls 50% | 30% 10% | 10% 50% | 30% 

types of diffusers. These data may cates : 

be need DY Making estimated allow- oe Floor 10% 10% 30% 

ances for variations from the | 

specified conditions outlined fol Type | RR 

various installations 0.6 
An important consideration in : % FT Js 1.0 

the design of luminous ceilings or 2.0 

the use of large-area low-bright- 3.0 


table are measured values, under 











ness self-contained units is the . ; 50 
ambient temperature of the cavity 





in which fluorescent lamps are 
used. The light output of fluor- : 0.6 
escent lamps decreases as the am- , 1.0 
bient temperature increases from 2.0 
a normal of 60 to 80 degrees F, as i 3.0 
is the case in non-ventilated enclos- 5.0 
ures, and decreases as the tempera- ‘ 





ture decreases below this normal. 0.6 
Fortunately the most efficient oper- 1.0 
ating range for the lamps is in the ; 
: : : 2.0 
range which exists on average jobs 
which are air-conditioned 3.0 
Luminaire used for general 5.0 
lighting purposes should provide a 
high overall efficiency. They should 0.6 
also be designed to provide the 1.0 
necessary comfort in vision, The . 2.0 
light sources should be shielded to 3.0 
prevent direct glare in the normal 
field of vision and should also pre- 5.0 











vent or minimize reflected glare. 
This is especially important for 0.6 
lighting systems selected for offices, 1.0 
drafting rooms, classrooms, and ° " 2.0 
areas where visual tasks are diffi- X 3.0 
cult and maintain over long periods 5.0 
of time 


























Diffuser’ Corrugated Acrylic | Corrugated Vinyl 
Plastic? Plastic’ 

Walls 50% | 30% | 50% | 50% | 30% | 50% 
Floor 10% 30% 10% 30 %/, 











3. 
3. 
2. 
1 
1 


Average efficiency for 
40-wott T/2 fluorescent \ 0.6 
lamp operating af 430 ma . 4 
in luminous ceiling cavity 1—Based on wall-to-wall diffusing panels 
2—Cavity efficiency of 68%; Diffuser transmittance of 
eet “eee 53 % ; Diffuser reflectance of 39%, 
60 100 20 3—Cavity efficiency of 62%; Diffuser transmittance of 
Ambient Temperoture (°F) 45%; Diffuser reflectance of 45 %/, 


Room Ratio 
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and light distribution character 


» 
istics of the luminaires or lighting Supplementary Lighting 


, 


equipment selected. But if the ap 


pearance of the physical layout of 
. otes Current practice is to provide or adjustable type holde: 


general lighting in stores, offices, incandescent and fluorescent 
classrooms, production areas, and are used for this purpose 

for similar purposes, in illumina- The point-by-point method 
tion intensities ranging up to 100 calculations is used to determine 
footcandles and above, depending estimated intensities individ 
on the degree of severity of the ual supplementary type 
seeing tasks involved Sut for necessary, of course, 


luminaires is of major importance, 
the equipment layout should be 
made first, and luminaires or light 
ing equipment then selected to 
meet these artistic requirements 

While it is important to provide 
pecific levels of illumination, there 
sre also other factors which are of many applications, such as for in- candlepower distribution curve 
equal importance, One such factor pection, fine machining, color’ the unit being considered. The 
work, etc. in industry, for display tensity may then be calculated 
lighting in stores, and similar criti- a point at any angle from 
cal seeing tasks, it is desirable and center axis of the unit, 


the matte brightness and 
brightne contrast The bright 
ne of luminaires, or of lighted 


element including luminous ceil , : , . ; : ; 
more economical to provide higher axis, using the formula 


lighting levels ranging up to 400 the illustration below. Most mar 
and 500 footcandles over small facturers of such equipment 
work areas with supplementary supply charts showing footcand 
type lighting. Usually this is done values over a specified area lo 
with reflector type units installed a given distance from the 
close to the areas, or with reflector which eliminates the need for tim 
pot or flood lamps in suitable fixed consuming calculation 


ings, should be kept at a minimum 
Areas of brightne hould be sur 
rounded by areas whose brightness 


contrast is not great, a uch con 
| 
ie 


dition constitute 
hould be taken when 


equipment are recessed flush in the 


rlare (are 


‘ 
, 
| 


huminaire 0) 


ceiling, to insure that the contrast 
between the ceiling and th "¢ 
cessed unit i vithin comfort © . . 

limit When recessed equipment Color in Lighting 

is used, ceiling should be finished 

vhite or in very light colors. Light 

valls, floors and furniture are also Color is one of the most impor- affects the final lighting ( 
desirable on recessed installations, tant considerations in lighting de- Similarly the subject is too broad 
as these will usually reflect enough sign. Yet, it is usually one of the and too complicated, to cover i 
light back to the ceiling to prevent most neglected, To the layman, a_ any detail here. All that is intended 
undue contrast. Manufacturers of relationship between color and_ is to point out very briefly some 
lighting equipment now supply lighting seems pretty far-fetched. of the fundamental principle 
Visual Comfort Index data for And even to the professional il- which are involved in color prob 
most of their equipment which en- luminating engineer, it is difficult lems faced by the lighting designe 
ables the lighting designer to pre- for him to grasp and fully under- on every lighting system design, 
determine lighting comfort stand the full impact of color as it that he will be more alert to the 
problems. Literally thousands of 
books and articles have been writ 





ten on the subject of color, but fa 
too few relate to color in light and 
Light source lighting 

a Light is radiant energy which 
constitutes the visible spectrum 
It is composed of pure spectral 


“009 colors, or so-called color region 





In their simplest form, these color 
4000 regions are divided into nine well 
known parts: violet, blue, blue- 
green, green, yellow-green, yellow, 
orange, light red and dark red 
When combined in appropriate 
quantities of radiant energy these 
“colors” produce “white” light 
the lighting designe 
with “color”, fundamentall 
he works with light 

Rach type of light source pri 
duces a different color quality o 

S light. That is to say, each type of 

ae “ie” light —s ; antag radion' 
’ ye energy of different wavelength 


v which the eye perceives as a colo 


Horizontal distonce 


To ati ne o veh ; 
trem pelato? sensation depending on how the 








radiant energy distributed « 





ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 195¢ 





Your new guide to 
better plant ventilating! 


FREE! 


1956 

Westinghouse 
Fans for plant 
ventilating... 




















All the facts on today’s top line of fans! 


Exhaust fans, ventilating units, man-coolers 

. the 1956 Westinghouse line includes 
fans job-engineered to handle problem ven- 
uilating assignments in your plant 


And this new Westinghouse Fan and Ven- 
tilator Catalog includes photographs, per 
formance ratings, and specification on the 


All Westinghouse Fans 
are guaranteed 5 years. 


you can Be SURE...1F rs 


Westinghouse 
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entire line of 1956 Westinghouse fans plus 
the inside story on the exclusive, patented 
Westinghouse Air-Injector Rings—that give 
and the Air-Jet 


Vance that give SO” vreater air penetration, 


40%, greater fan capacity 


Mail coupon today! 


Westinghouse Electric Corp 
Electric Appliance Divisio He 
246 LE. 4th St Mansfield, Ohio 


Gentlemen 

Please rush my free copy of the new 1956 
Westinghouse Fan and Ventilator Catalog 
Name 
Company 
Address 











the visible spectrum, Even the color 


quality of daylight is not constant; 
the day and 
by geographical direction. Incan- 
descent, or filament lamps, produce 
white light. Mercury 
without color correc- 
greenish white 
fluorescent lamps are 
purposely variety of 
white’ for general lighting 
application It j 


it varies throughout 


a yellowish 
vapor lamps 


produce a 


And 


on) 
light 
made in a 
colors 
the lighting de 
ponsibility to select the 
light from these 
lamps to provide the cor 


igner's re 

proper source 
available 
rect “color” of white light for each 
lighting application for which he is 
responsible 


Kvery 


aleo ha 


object on which light falls 
color. By definition, the 
an object is “the capacity 
of the object to modify the color of 
the light Thus 
there ji an interdependence of 
light and color which the lighting 
First, he 
reflect- 
various 


color of 


incident upon it” 


designer cannot 


know the 
values) of the 


ignore 


must color (and 


ance sur 
faces in the interior which he plans 


to light in order to select an ap 


propriate “color” of light source, or 
work 

interior 
select appro- 
colors for all interior 
side walls, 

which will 
with the 


to be used. 


conversely he must 
with the 
rator, or 
priate 


faces 


closely 
architect, deco 
owner to 
sur- 
floor, 
work hat 
the 


(ceiling, 
furnishings) 
moniously 
light 

Color 


“color” of 
SOUTCEeS 
effect of 
ignificance, It 
effectively to 


also creates an 


psychological can 
provide a 
“warmth”, or 


be used 
psychological “cool- 


ness”, or mood of “action”, or of 


‘somberness’”’, etc, So here, too, the 
whting designer can provide suit- 
the 
and 
effective 
theme, 


able lighting to complement 


orator’s color treatments 


reby produce a more 


ative “mood”, o1 

Colored light, or light having its 
radiant concentrated in 
regions of the color spec- 
used as such to 
and decorative ef- 
Che primary colors of light 
are red, green and blue. By mixing 
light in 
proportions, white light is 
produced, By using various com- 
binations and intensities, an almost 
nlimited range of “color” effects 
ible. Applications for this 
type of lighting are practically end- 
, and designers should know and 
understand this field well to design 
better and more elaborate systems 
which reflect color harmony 


eneryy 
Sper ith 
also be 


trum, may 


create unusual 
fects 
colors of 


these primary 


proper! 


ire po 


iss 


Residential Lighting 


Lighting for the home should tie 
in with family life and activities. 
Family size, living habits, social 
activities, sports, hobbies, and 
similar factors vary greatly. There- 
fore, wherever practical, home 
lighting should be custom-designed 
to meet requirements 
the 


the specific 
and individual preferences of 
individual family. 

Fundamental to lighting 
design is the provision for a wide 
variety of lighting effects, to en- 
able the proper environment to be 
created for each family activity, 
seeing problem, or decorative treat- 
ment. This demands the use of 
many different lighting techniques 
and types of lighting devices, with 
maximum control flexibility. Only 
through this approach to the home 
lighting problem can the family 
begin to approach the many bene- 
fits and conveniences of better light 
for better living. 

The principal purpose for light- 
ing in the home is to provide com- 
fortable seeing for work, play and 
relaxation, But it can, and should, 
be made to serve many other needs. 
It should enhance the appearance, 
the atmosphere and the decorative 
treatment that helps to transform 
into a home. It should 
create a sunny and cheerful mood 
and environment, It should be flex- 
ible to permit a wide variation in 


home 


a house 


Heat from a lighting load is meas- 
ured in — 


A lighting system produces a Btu 
per hour heating load equal to — 


Required tons of air conditioning 
to remove a lighting system heat 
load is equal to — 


One ton of air conditioning ca- 
pacity will remove the heat for a 
lighting load of — 


*Add both lamp wattage and ballast 
watts loss for fluorescent lighting 
systems. 
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lighting effects to meet varying 
moods, and for psychological and 
decorative value. 

The lighting environment in the 
in commercial establish- 
extends and is in- 
the 
the 
furnish- 
These areas reflect light and 


home, as 
ments, beyond 
fluenced by than 
lighting system. It 
walls, ceilings, 
ings. 
cause rooms to appear larger, more 
cheerful, more colorful, more liv- 
able, when medium to light finishes 
are Dark finishes have the 
opposite effect. 


more just 
includes 


floors and 


used, 


The broad range of light sources, 
lighting techniques and lighting 
units makes it possible to select 
lighting systems which fit family 
budgets, yet remain appropriate 
for varying decorative treatments 
for individual family habits and 
requirements. When combined with 
appropriately finished light colors 
interior more 
lighting environment 
may be expected. 

From a lighting stand- 
point, the rooms of a house can be 
divided into two basic groups. For 
group, consisting of living 
room, dining room, bedrooms, den 
or study, halls and stairway, and 
play room, general 
diffuse illumination should be pro- 
vided throughout each room, sup- 
plemented by local lighting at all 
furniture groupings or local areas 
higher intensities may be 
needed for difficult seeing prob- 
Also, provision should be 
made to use light in these rooms 
as a decorative medium. For the 
other group of rooms, consisting 
of kitchen, bath, laundry, pantry, 
etc., or service areas, a higher level 
of general lighting for utilitarian 
purposes should be planned. 

For general illumination, over- 
ceiling lights are generally 
satisfactory. In the living 
room, dining room and bedrooms, 
these should be decorative in char- 
harmonize with the fur- 
nishings, or may consist of coves, 
and where the 
budget will permit. Recessed spots 
and floods, carefully shielded, may 
also be used to light murals, pic- 
tures, indoor plants or flower ar- 
rangements, Lighted orna- 
ments, wall cabinets, ete. may be 
used as purely decorative devices. 

In the kitchen, uniform general 
iNumination may be provided by a 


on all surfaces, a 


satisfactory 
design 


one 


recreation or 


where 


lems 


head 
most 


acter to 


valances cornices 


etc. 
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Fits Smallest Single-gang Box without 
Jamming, Squeezing or Scraping 





DESIGN 


POWER OUTLET 


More Space for Bulky Wires 


Measuring only 1.296” trom 
mounting plate to base, this com 
pact, new flush type unit fits a 
minimum size, single-gang box 
without touching the ides ree 

—am 
Ample space is allowed at the 


bottom of the box for lead-ir 


Extra space at bottom of box 
wire Hubbell exclusive pres 
eliminates necessity of crowding or 
sure plate back wiring further jamming wires and contributes to 
a safer installation. 





peeds and simplifies installation 
ind insures utmost wiring security Terminal Screws Can‘t 
Contact Sides of Box 


CAT. NO. 30 Amp., 250 Volts 


© ‘ 
| 9350 Grounded and Ungrounded 
( 4 


Outstanding Design Features 


@ Shallow, compact, rugged . . . fits minimum size 
box. 


Terminal screw heads are held 
captive to terminal plate... can’t 
“back off” and touch sides of box. 





@ Pressure plate back wiring simplifies installation. 


@ Terminals completely recessed for complete safety. =) 
Pressure Plate Back Wiring 
@ Captive binding screws can’t contact sides of box. 


@ Terminals cadmium plated to permit use of alumi- 
num building wire. 


@ Tough fibre shield protects terminals. 


@ 3-hole mounting plate permits mounting flexibility. 


0 


Exclusive Hubbell pressure plate back wiring 
saves wiring time and provides safety and 
security of a terminal screw connection 














Harvey Hubbell, INC. 


Dept. C-1 Bridgeport, Conn. 


FACTORY WAREHOUSE LOCATIONS ASSURE NATIONWIDE STOCK AVAILABILITY 


State and Goswieh Sts 37 South Senge St. 103 North forte fe See. 1675 Hudson Ave. 
Bridgeport 2, Conn Chicage 7, ti. les Angeles |} Sen Francisco, Calif, 


‘ 
a 





light tem, ranging 


ing 
{ } 
roma inprie 
wall-to 


Large-area low-brightness 


ceiling unit to a com 
plete wall luminous ceiling 
recessed 
intermedi- 
Supplementary light- 
ng should also be provided over all 
work food preparation 


range, dishwashing center 


panels are an excellent 
ary solution 
areas 
Recessed 
incandescent units with 
light 
some of these 


concen 
trated distribution can be 
and 
fluor- 
cabi- 
also suitable where they 
installed 

In the 
head ceiling luminaire and two wall 
brackets, 
mirror, are 

Overhead 


ised for areas, 


fluorescent wall brackets, or 


escent strip lighting under 
s, are 
an be 
bathroom both an over 
one on either side of the 
desirable. 
utilitarian lighting 
units are desirable in the laundry, 
in the work 


other 


furnace room, over a 
bench, in the garage, and in 
imilas ervice Areas 


The 
lighting de 


general principles of good 
hould be followed 
in lighting each area of the home. 
Less required on foot- 
candle except 


ivn 


emphasis is 


intensities, for sew- 


ing and study areas, and for loca- 


and 
desirable on 


relaxed 
emphasis is 


tions for reading, 
yvreater 
the decorative aspects 

Portable floor and table lamps in- 
corporating good lighting design 
principles may, of course, be used. 
But these present the hazard of 
portable cords, and take up needed 
floor space In general, equal or 
improved lighting effects can be pro 


vided by suitable built-in or perma- 


Cause of Depreciation 


nently-installed standard 
When these fixed 
properly controlled by switches or 
dimmers, full flexibility results and 
the 
factory. 


lighting 


inits units are 


system is much more satis- 

There is such a wide variety of 
units and equipments available as 
to make it impracticable to attempt 
a more detailed procedure for de- 
signing the lighting for a home in 
the limited space available 
It is that the general 
principles of home lighting design 
outlined 


here 
believed 


will 
serve as a suitable guide, when im- 


above, if followed, 
plemented by the experiences and 
inherent ability of the 
average lighting designer. 


creative 


Outdoor Lighting 


certain 
lighting for 
purposes. In addition, 


Kvery home needs a 


amount of outdoor 
utilitarian 
many homes present an opportu 
ity for the lighting of yards, lawns 
and grounds for increased use and 
beauty, and for artistic effects 
after sundown, 
includes the 
lighting units at 
locations for the quick 
easy seeing of both visitors 
and members of the family on en- 


tering or leaving the house, garage, 


Lighting for utility 
installation of 
strategic 
and 


or grounds, and to discourage tres- 
This illumi- 
nated house number (at driveway 
the lawn, or at the 
wall brackets, step 
eaves-recessed or surface 


passing. includes an 
entrance, on 
front 

lights, 


door), 


Percent 
Loss 





Lamp Depreciation (End of rated life) 
Incandescent 
Fluorescent 
Mercury Vapor 





Circuit Voltage Depreciation 
With adequate wiring 


With poor wiring and overloading of circuits 





Luminaire Light Absorption 





Paint Depreciation 


Absorption of light by walls, ceilings, floors and other surfaces 





Dirt and Dust Depreciation 
1-month cleaning intervals 
3-month cleaning intervals 
6-month cleaning intervals 
Cleaned when lamps burn out 





Lamp Outage Depreciation 
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the front 


+ +) 


floodlights, at 
lanterns 


mounted 
entrance, e 
end of the entrance walk and at 
driveway entrance, bracket light o1 
floodlights for the rear entrance 


post-top 


the house and over the garage doo! 
and low-mounted 
lights to light walks and driveways 

Outdoor lighting may also be 
ised for lighting entertainment 


and play 


floodlights or 


areas, such as tenni 
courts, outdoor volley and basket 
ball shuffle 


board courts, ping pong tables, cro 


courts, barbecue pits, 
quet courts and private swimming 
The which this 
outdoor lighting is 
governed, of 


extent to 
home 
will be 
course, by the existing facilities of 


pools. 
ty pe of 


practical 


this type and the habits and out- 
activities of the family. 
installed for 


door 
Lighting units 


utility, or to provide safety for 
exits to the 
may also be used on a spe- 
circuit to provide 
Also, 


prismatic 


entry and house and 
yarage, 
cial lighting 
lighting for protection. 
floodlights or 
be mounted 
of the 
nected to a special circuit specifi 
cally for protective lighting. 

With more and families 
attracted to living 
during summer months, and year- 
round where climate permits, out- 
door lighting for decoration can be 
used to excelent advantage. Vistas 
out the living room windows, or 
from the terrace, can be made most 
pleasing at night through the in- 
telligent use of light and color. Ar- 
tistic patterns of light and shadow 
can be created, and by means of 
multiple arrangements 
and dimmer control, the total light- 
ing pattern may be adjusted to 
changing mood and artistic fancy. 

A wide variety of types of out- 


spe- 
lens 
the 


con- 


cial 


units may around 


perimeter house, and 


more 


being outdoor 


switching 


door lighting units are now avail- 


able for lighting flower beds, or 


shrubbery, for underwater lighting 
in color of swimming pool or reflec 
tion pool, for fountains, lily ponds, 
rock gardens, and similar points of 
interest. Brightness patterns may 
be created outside large glass win- 
dows to provide a natural transi 
outdoor and indoor 


tion between 


areas. Overhead strings of lights, 


enclosed in Japanese lanterns or 
similat decorative 
ised to add 


mood for outdoor parties, 


devices can be 


gaiety and a festive 
Lighting 


designers can devise individual and 


artistic applications to suit specific 


outdoor areas of individual home 


owners 
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Fluorescent lighting equipment manufacturers First National Bank of Arlington, Virginia (Branch). 
know the performance of their product is judged Lighting installation supervised by Earl C. Douglass, 
by the dependability of its silent partner .. . the Chief ‘ 
Electrician, Pentagon Bidg., Washington, D. C. 
fluorescent lamp ballast. That's why ADVANCE : May: ¥0.¢ 
is preferred by leading manufacturers like Light- 
ing Products, Inc. of Highland Park, Illinois, who = P eal 
chose ADVANCE ballasts for their new ‘‘Thin- try aigiat 
Lite’’ luminaire, shown in the above installation. | 
The performance and dependability which AD- — ice reagan | ae om 
VANCE fluorescent lamp ballasts provide have er eee. -setoanga T MA : , 
made ADVANCE the world’s largest exclusive ae TRANSFORMER C0) 


Fiuerescent Lamp Ballasts 2950 Ne. Western Ave. Chicage 18, tlineis 
ballast manufacturer. 





Whether you manufacture, specify, install, use or 
maintain fluorescent lighting, your iob will be 
easier if you make ADVANCE fluorescent lamp 
ballasts your silent partner. 


The Heart of the Lighting Industry 
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have as many as four fuse pullers 
er) and up to () plug fuse 


are rated either OO or 100 amperes. 


Straight-in wiring and slide-out interiors in new 


G-E fuse pullers simplify job from start to finish 


7 fusible devices offer 7 quality extras at no extra cost 


1. Straight-in wiring for quick connections. No looping 
vires around screws, just insert and tighten. Grips like 


a bear t i] 


2. Exclusive slide-out interior gives plenty of working 
room. No screws to fumble with or lose. Interior slides 


in and out with perfect alignment 


3. Nerrow, shallow box construction makes it easier to 


mount box flush with wall. A G-E exclusive. 


4. Plenty of easily removed knockouts make it simple to 


bring cable into box at most convenient place 


5. Current-carrying parts are silver-plated for cool operation, 
on't waste electricity. A G-E exclusive New G-E fuse pullers have 60 or 100 amp. main lugs. 

Seven basic designs include series or parallel wiring and 

6. Snap-action fuse puller prevents partial contact Ex sealable pullers for separately metered equipment. U/] 

clusive construction helps prevent overheating, nuisance listed 


Surface or flush mounted designs. Ready for 
fuse failure and call backs 


quick delivery from your G-E Trumbull Distributor 
ve Benderite” finish resists corrosion; protects against 


rust \nothe rG I ex« lusive. *Parker Rust Proof Co 


GENERAL @@ ELECTRIC 
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Signals a 


2 A aS SpA eee km * =~ 


HE information 


section 


given in this 
a wide range of 

signal and communication sys- 
tems. The been laid 
out according to types of buildings, 
presenting 


covers 


material has 


selection and applica- 
tion data on the types of systems 
used in each type of building. For 
each type of building, discussion of 
the different all 
important considerations which an 
electrical make to 
alarms and 
communication systems in the over- 
As a result, 
this presentation represents a com- 


systems includes 


designer must 
incorporate signals, 


all electrical design 


Industrial 


plants 
variety of signaling and communi- 
cation systems, in- 
dividual and 
others combined 
at one point 
the plant superintendent or 
guard personne! 


Industrial require a 


some having 
equipment, 
interconnected or 


control 


to be supervised by 
the 
The usual method 
followed in combining the systems 
is to terminate the wiring in the 
respective control equipment cabi- 
and the 


sucn as 


nets extend supervisory 
lights, 
3, etc., to panels 
desk. This 
would include the fire alarm, watch- 
man’s 


equipment pilot 


trouble bells, mete) 
in a console type of 


tour, program cross-conne¢ 
tion, door alarm, sprinkler alarm, 
burglar and hold-up alarms, smoke 
detection systems and transformer 
supervisory systems 

the indicated 
above, other systems used are: 
tercommunicating telephones; 
ing systems; 


Besides systems 
in- 
pag- 
public address sound 
systems; clock and program bells; 
conveyor alarms; dispatching, load- 
ing and stockroom systems; liquid 
level, flow and 
ture ystems; 


pressure, tempera- 
valve and 
control systems. 
Fire alarm systems should be 
of the closed-circuit supervised 
type. City State 
should be checked regarding re- 
quirements. Generally non-coded 
systems are limited to small plants, 
since 


indicator 
electric current 


and ordinances 


they only transmit @ general 





prehensive check list of such sys- 
tems with their operating prin- 
ciples and advantages. 

For any particular application of 
signal and/or communication 
tems, design details are closely 
related to the types of systems and 
manufacturers’ instructions. The 
many manufacturers of such equip- 
ment make available much litera- 
ture and offer engineering services 
to assist the electrical designer. 

The National Electrical Code 
covers signal and communication 
systems in Articles 640, 725, 800 
and 810. 


sys- 


Systems 


alarm and do not indicate the loca- 
tion of the operated station. Coded 
systems are preferable since each 
station transmits a distinguishable 
signal. Plain code systems are gen- 
erally acceptable for a single build- 
ing. Group systems, using coded 
stations, are preferable where 
several buildings are involved. In 
this type of system, when a station 
is operated in building, the 
signal that building 
sound and in addition certain pre- 
determined bells sound at specified 
supervisory locations such as in the 
power house, executive offices, etc. 
Stations must be located near stair- 
vays and other paths of escape and 


one 


devices in 


nd Communication 


must be spaced so that no one need 
walk more than 100 ft to one 
Audible signals such as bells, usu 
ally 10 in. in diameter, or horns 
of the grille or projector type are 
distributed throughout the areas 
so that they may be heard by all 
persons. An audible signal such as 
a small bell should be 
the guard room together with a 
punch recorder and take-up reel 
and a time stamp for a permanent 
record of alarm, The 
mum number of 
which may 
cuit operating on alternating cui 
rent is ten. horns the maxi 
mum is also ten, however, certain 
types are electrically limited to 
nine. In addition to men 
tioned systems, a type may be pro 


located in 


each maxi 


bells or chimes 


be connected on a cir- 


above 


vided with approved 
the interior 
alarm to a municipal system 


for 
fire 


features 
connection of an 


Automatic fire detection systems 
may be used separately or combined 
with the manual 
tems. They 
or small areas such as storerooms, 
warehouses, 


fire alarm 


should be used in large 


SYS 


boiler rooms and in 


ducts. Those mounted in ducts may 


be arranged to disconnect moto1 
driven blowers and to close dampers 
in sections of the ducts to prevent 
further spread of the hazard. When 
combined with fire 
systems of the coded type, the auto 


matic 


manual alarm 


may be 
nected by using electrically 


systems intercon 


tripped 
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FIG.2-PHOTO-ELECTRIC SMOKE DETECTOR 


IN AIR DUCT 





transmitte) In this way a sepa 
rate and distinguishable signal may 
these 
Combination fixed temperature and 


thermal 


be given for protected areas. 


rate-of-rise detectors 
ally protect an 900 sq ft. 
Those of fixed temperature only 
can protect from 225 to 400 sq ft 
A typical 
system is 


area of 


depending upon the type 
fire alarm 
shown in Fig. 1 
Watchman’s 
should be of 
the 


tours to 


layout of a 
supervisory systems 


a type which will re- 
watchmen on the various 
the 
guard’s 
and at the 


should also 


quire 
record in 
chief 
start 


produce a 
superintendent's or 
the 
tour It 
provision 


quarters at 


finish of each 


contain for the calls to 


be made to each station and in ge- 


quence, If so desired, extra features 


may be included, such as a delin- 


which will signal 
the chief guard when a watchman 


quency indicator 
is delayed in arriving on time at a 
station, Or jack and 
a pilot lamp at each station may be 
that communication 
had between headquarters 
The tele- 
phone jack is used for plugging in 
a handphone which is equipped 
with cord and plug, while the lamp 
the watchman 
along the tour that he is to call the 
All 
located at 
to insure complete coverage of the 


a telephone 


provided 40) 
may be 
and the outlying points 


is used to notify 


central point tour stations 


must be remote points 

premises 
Sprinkle: 

used to signal when sprinkler heads 


alarm systems are 
open, when noticeable leaks occur, 
when 
either 
post 


waterflow valves 
dry or 


indlke 


operate in 
when 
ope rate or are 


wet systems, 


ator valve 
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left when the shut-off 
valves are placed in a sub-normal 
position. All of valves are 
equipped with contacts so that an 
alarm will be transmitted to either 
audible signals, annunciators or a 
combination of same, A_ super- 
visory control panel or an an- 
nunciator should be provided to 
indicate the condition of each cir- 
cuit. A coded signal may be trans- 
mitted to the signal devices of a 
coded fire alarm system by inter- 
connecting the sprinkler 
wiring through an_ electrically 
tripped transmitter. These trans- 
mitters should be connected to sepa- 
rate supervised circuits on the fire 
alarm control panel. 

Smoke detection systems are used 
to detect smoke in ventilating, air- 
conditioning dust-collecting 
ducts. It may also provide for dis- 
connecting the air motor, 
to close dampers in various 
sections of the duct system to pre- 
vent spreading of smoke and fire 
from one point to another. This is 
accomplished by means of photo- 
electric systems wherein the light 
source directs a beam to a photo- 
electric cell the interior of 
the ducts. The photo-electric equip- 
may 
the 


open or 


these 


system 


and 


blower 
and 


across 


ment be adjusted 


smoke in 


to operate 
the ducts 
reaches a predetermined density. 
The equipment transmits 
the signal to annunciators together 
audible alarm at the 
guard’s quarters, and may also be 
interconnected with the manual fire 
alarm system. Thermostatic de- 
tectors may be installed in the 
indicate abnormal rise 
in temperature. A typical photo- 


when 


control 


with an 


ducts to 


. MAY 


duct 
in Fig. 2. 

Surglar alarm may be 
used to protect all doors, windows, 
elevator skylights, etc., 
which may be readily accessible by 
a possible intruder. This is accom- 
plished by the use of various types 
of spring contacts, foil 
tape and networks of wired lattice- 
work. Photo-electric equipment may 
be used to protect stockrooms, tool- 
rooms, filerooms and loading plat- 
forms. 
protected by special electrified en 
capacity All 
signals should terminate in a con- 
trol the 
quarters. 

Door alarms are 
the guard when 
stricted areas have been entered o1 
vacated by individuals. The doors 
are provided with contacts which 
operate lamps or drops in annunci- 
ators. These systems are generally 
of the closed-circuit type using re- 
lays to supervise the equipment and 
the wiring. An audible signal such 
as a bell or buzzer is provided at 
the location with 
isolating switches for each circuit. 
In addition it is desirable to oper 
ate a large alarm bell adjacent to 
each guarded door. 

Hold-up alarms may be 
the disbursing office using special 
foot 
tactors at desks and counters. Si 
nals should terminate in a control 
cabinet at the chief guard’s quar 
ters with extension signals, eithe: 
lamps) to po 
sible points of apprehension. 

Transformer 
systems may be used to designate 
the 
perature and pressure in oil-cooled 
transformers. 
pressure switches are provided fo 
this purpose and are inserted into 
the transformers. switches 
are connected to supervisory con 
tol cabinets located in the 
neer’s office or the guard room. Pro 
vision may made for the 
release of CO the trans- 
former vaults. 

Paging systems are 
and locate individuals 
ing telephones, attending meetings, 


electric installation is shown 


systems 


openings, 


switches, 


Safes and cabinets may be 


closures or alarms 


cabinet at chief guard’s 


used to signal 


room certain re 


supervisory 


used in 


pushbuttons, and knee con 


audible or silent 


supervisory alarm 


a dangerous increase in tem 


Temperature and 


These 
engi- 


also be 
tanks in 


to call 


for answer- 


ised 


etc. In general these systems may 
be either of the sound or 
visual type. The coded type consists 
of a code transmitter with audible 
signals such as bells, horns, chimes 
or mild-toned sounders and the as 
sociated The 


coded, 


control equipment 
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Orangeburg Fibre Conduit 
Prolongs Cable Life 


Protect cable sheath from abrasion 
and you prolong the life of under- 
ground cables, say utility engineers. 
Scoring of cable sheath creates “trou- 
ble spots” that shorten cable life. 

That’s where Orangeburg Fibre 
Conduit plays an important part in 
keeping cables healthy. Orangeburg’s 
smooth bore, its low coefficient of 
friction minimize the danger of abra- 
sion when cables are pulled in, as well 
as later on during cable movement. By 
protecting cable sheath from abrasion, 
Orangeburg Fibre Conduit adds years 
to cable life. 

Orangeburg’s impermeable wall and 
watertight joints protect cables from 


corrosive ground waters. Its non- 
metallic material is strong, tough, re- 
silient, long lasting. 

And, remember, Orangeburg lays 
faster and at lower cost than other 
types of conduit. It is light in weight, 
easy to handle, easy to tool on the 
job. Spacers, bends, fittings, 5° bend 
sections and lightweight tapering tool, 
all combine to simplify installation. 

Since 1893, records of long life have 
proved Orangeburg’s durability and 
economy. 

Orangeburg Fibre Conduit is distrib- 
uted by Graybar Electric Company and 
General Electric Supply Company with 
branches and stocks in principal cities, 


WRITE DEPT. ECM-56 FOR NEW CATALOG 52 


ORANCEBURG MANUFACTURING CO., INC., Orangeburg, WN. Y. 


West Coast Plant, Newark, Calif. 


r pt AN 


met ORANGEBURG 
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ound system consists of a micro- 
phone(s), a number of loudspeak- 
ers and the associated amplifier 
equipment, The visual system used 
in laboratories and offices consists 
of a keyboard, lamp annunciators 
and the necessary control equip- 
ment for flashing the lamps and 
operating a selective buzzer signal 
when desired, Code signals are as- 
igned to the personnel in the 
coded system. Code numbers are 
igned in the visual type of sys- 
rT 
Clock and program systems are 
used for indicating the time of day 
and operating signal devices such 
as bells or horns at pre-determined 
times such as starting and stopping 
vork, rest periods, lunch periods, 
etc. In addition they may also in 
clude time stamps, employee’s time 
recorders, elapsed time or job re 
corders, ete. These systems may be 
| rovided with nenrono motored 
movements or minute-impuise move 
ments. Provision may also be made 
or a test signal on the fire alarm 
stem 
telephone 
tems may be provided in various 


Intercommunicating 


forms, and the selection should be 
based upon the practical require- 
ment There are cases in small 
plant here a 2-station or pair of 
telephones are desired to converse 
For larger in- 
tallations up to about ten stations, 
vhere only one conversation is 


between two point 


feund necessary at one time, the 
common-talking selective ringing 
ystem may be used. In systems 
requiring a greater number of sta- 
tions the selective-talking selective 
ringing type should be used. Where 
it is desired to have a small number 
of telephones supervised from one 
location, and only one pair of con- 
versations are desired at one time, 
a master common-talking system is 
frequently found satisfactory. For 
large systems the manual switch- 
board or the automatic dial type 
syvatem hould be usea 

Public addres sound systems 
may be used throughout the plant 
for paging, radio programs, re- 
cordings, announcements and en- 
tertainment derived from a central- 
ized system. Loudspeakers of the 
proper type and size are distributed 
throughout the premises with the 
wiring terminating at the control 
center 

Conveyor signal systems are used 
to indicate to various locations that 
conveyors are to operate, when 
they are to stop and when an 


emergency exists. The system usu- 
ally consists of pushbuttons which 
are connected to operate bells or 
horns. In addition photo-electric 
units may be installed at various 
points along the conveyor route 
with counters to designate the 
passing of different articles along 
the line. 

Dispatching, loading and stock- 
room systems are used for checking 
materials and shipments, giving 
instructions, releasing trucks, ete. 
The equipment may consist of tele- 
phones, annunciators, sound com- 
munication units and microphones 
with loudspeakers with talk-back 
features. This equipment is gener- 
ally used between two or more 
points between the office of the 
shipping room, loading platform or 
stockroom. 


There are many systems which 
may be used in manufacturing 
processes. Liquid level indicators 
supervise the high and the low 
levels of liquid contents in tanks, 
cisterns, reservoirs. Pressure in- 
dicators supervise all measurable 
forms of pressure such as air, oil, 
water and steam. Temperature in- 
dicator systems supervise liquid 
and area temperatures. Control 
valve systems supervise all types of 
devices. They transmit signals to 
show that a change has occurred 
from a normal position or condi- 
tion to a sub-normal one or the re- 
verse. Electric current control sys- 
tems supervise the electric power. 
They indicate when the current is 
interrupted and when it is re- 
stored. A record of these activities 
may be made on an annunciator. 


Commercial Building Systems 


Modern office and commercial 
buildings, whether located in large 
or small cities are faced with 
similar basic problems insofar as 
protection and expediency is con- 
cerned. The chief difference be- 
tween industrial and commercial 
systems is in the extensiveness of 
the requirements. The contents and 
the records in many commercial 
buildings are considered very valu- 
able and in many cases are not re- 
placeable, and therefore, warrant 
the best and complete protection. 
And thorough study must be given 
to the matter of possible fire haz- 
ards and methods of detecting a 
fire at the incipient stage where 
time is of great importance. 

The types of systems used in 
office and commercial buildings are 
fire alarms of the manual and the 
automatic types, fire-line signal and 
telephone systems, watchman’s 
tour, sprinkler alarm, smoke detec- 
tion systems, protective alarms, 
call systems, clock and program 
systems, garage ramp systems, in- 
tercommunicating systems, elevator 
signals and door signals. 

Fire alarm systems of the manual 
type should be installed for the pro- 
tection of the general public and 
the employees within the building. 
Such systems may be of the same 
type as outlined for industrial 
buildings 

Fire alarm systems of the auto- 
matic type should be installed at 
all points where records or files 
are kept or stored. These systems 
are composed of a quantity of 
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equally distributed thermostatic 
detectors grouped into zones and 
wired to annunciator control 
boards, or combined with the 
manual fire alarm system through 
electrically tripped transmitters. 
These transmitters, annunciator 
control boards or detectors may be 
connected to any signal such as 
bells, horns and the like, as sepa- 
rate systems if desired. 

Fire-line signal systems are 
similar to standard coded fire 
alarms of the closed-circuit type 
with the addition of manually oper- 
ated signal stations which are in- 
stalled on alternate floors of tall 
buildings. These manual stations 
have hinged doors, are equipped 
with special cylinder locks, and are 
composed of closed-circuit strap 
keys which are used exclusively by 
members of the fire department to 
transmit signals to the pump room. 
The coded and the manual stations 
are all connected in series. The 
bells are of the single stroke type 
and are located in the pump room, 
elevator shafts and at all points 
required by the local fire prevention 
authorities. This feature may also 
be added to pre-signal fire alarm 
systems in which case the initial 
operation of the pre-signal station 
transmits the coded signals on the 
fire line or pilot bells. The second 
operation of the pull lever in con- 
junction with the insertion of a 
special plug or key in the station 
will operate the general alarm on 
all bells in the system. 

Fire-line telephone systems are 
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ia INCREASED SAFETY because bus bars are INSTALLATION ECONOMY. All wiring channels t 
rT fully enclosed, rigidly supported and have ample are large and accessible from front without remov- [ 1 
cross section. Circuits are isolated by individually ing units. No “wire fishing.” 
enclosed plug units. Disconnect handle ed space ECONOMY, TOO. Up to six combina- 
for maximum operator protection. tion starters fit in @ 20” x 20” x 90” section. Plug-in 
¥ FLEXIBILITY. Individual plug-in units oF complete unit heights designed in space-saving increments 
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it’s BEAUTIFUL! 
it’s GLAMOROUS! 
it’s VERSATILE! 


IT’S BEAUTIFUL: 


A spectacular glowing beauty that will enhance the 


appearance of any interior. The new Curtis Edge-Glo 
is long, thin (overall depth just 32”) with side panels 

‘ softly illuminated by reflected light to give new modern 
ceiling construction an effect so startlingly beautiful 
that it offers unlimited design possibilities. 


LIGHTING, INC. 


This glamorous luminaire brings startling effects to any 
new or existing decorative motif. It is sleek, stream- 
lined, sparkling, the new Edge-Glo lends itself to 

CURTIS LIGHTING INC dazzling effects that challenge even the most daring 

é 5 imagination. It may be close-ceiling mounted as a direct 

6135 West 65th Street ° Chicago 38, Iinols luminaire or pendant mounted for a 50-50 direct-in- 
direct light distribution. 


SEND COUPON FOR COMPLETE INFORMATION This new Curtis unit satisfies modern architectural de- 
sign demands as well as high-quality illumination re- 
quirements. Unlimited designs may be achieved by 
CURTIS LIGHTING, INC. mounting units individually, in patterns, or in continuous 
6135 W. 65th Street, Chicago 38, Ill. Dept. E 12-EG lines. Edge-Glo utilizes 2, 4 or 6 40-Watt, T12, 48” 

s rapid start lamps. It is available with either rigid molded 
polystyrene plastic egg crate louver or Holophane 
No. 6016 plastic Controlens™. The new Curtis Edge-Glo 
is constructed of aluminum, Alzak processed after form- 
ing, or baked white Fluracite enamel. 


in Canada: Curtis Lighting of Canada, Ltd. 
195 Wickstead Ave., Leaside, Toronto 17, Ont., Canada 


Gentiemen 


Please send me further details on the new Curtis Edge-Gio luminaire 
NAME 


For further details send the coupon today or contact the 
ADDRESS Curtis Lighting Specialist nearest you. 


® Holophone Company, inc. 


STATE 
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omposed 


phone located in t pump room, 
sub-master { te lephones 
located in the auxiliary pump room 
and at the building entrance, and 
outlying telephones located on each 


of t e othe ( } 1ese syste 
gy phone syavems 2016 11 





are of tl ommon-talking type 
7 he ma r an I b-master tele Outlying 
phones ; yrovided with pushbut felephones 
tons to lectively call each other 
The mas ation j al pro 
vided wi a loudspeak type re 
4S th fi 


——————. 


ceiver mounted into the instrument 





housing. A handset with a long ex- pik: ities 
tension cord is included which will - stations 





enable the operator of the pump to 
remain at his post. Vibrating bells 
ised as audible 
telephones The 





outlying he are provided ES 


with 1) nbdbu y! fol electively Fire alarm 
calling the ast and the sub vane 
master te lephe re A ty pl al riser 
diagram of a fire-line signal and 
telephone ysten hown in a 
building 

Watchn F to ystems are 
considered y ne ary. Where 
the building is a part of an indus 
trial group the signals may termi 
nate in the guard’s quarters. Where 
the building is separate, the signals Fire line Sub master 


s/gnal " 
should terminate in the uperin stations ferephene 


tendent’s office. In general the sys 





tem may be of the same type out 
lined under industrial buildings 
Spr yr alarm tems are als¢ 
prinkler ila ‘ ire also a 
used for the same purpose as out Sa 











lined under industrial buildings. 





However, in office buildings these 
systems are usuall installed in 


storage spaces and otnel hazardous FA : 
: PS rt s | 
locations where a deluge is found - cP 


Moster telephone 











necessary to prevent the spread of Power supply 


a fire. It is n lly considered FIG 3-RISER DIAGRAM OF FIRE LINE 


where wi might completely SIGNAL AND TELEPHONE SYSTEM 
damage content in a given : * 











tems may be 
t systems 
onditioning 


be applied as 





il buildings. 


ire provided tad 


- Fm ae 

lose used to oe n= Light source 
floors, ceil- ~~ 

manner as ilI il as ~~~ 

trial build- iI ilt a 

iI| i\I Fa 

lely used and Whe jean £m reps ? 


Individual re HI iI 


! vhich p ish 
r may be com 
alli back ~~ ~~ ~~~ Photo electric detectors 
rca ny de mr ape AO 


etween two FIG. 4~- LAYOUT OF TYPICAL ®HOTO-ELECTRIC 
y be com- DOOR OPERATING Si¥YSTEM 


ks on 
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desks, counters which will op- 


erate lamps or drops in annuncia- 
tors, and pilot or 


» Cte., 


return signals 
the originating 
In certain types of 


doors 


uch as lamps on 


calling station. 


buildings where are to be 


supervised, it is necessary to install 
electric door locks on doors and re- 
lease them from 


specified locations 


pushbuttons at 

Electric door 
closers may be used and operated 
from pushbuttons where executives 
desire to close the door 
acy. 


( lo« k 


be used in 


for pris 


and program systems may 
building if 


occupied by one concern, or by the 


an entire 
tenants occupying individual floors. 
The applications the 
industrial 


are Same as 


described under build- 
ings. 
Garage ramp systems are com 
posed of photo-electric equipment 
and arranged so that the doors will 
permit 


vehicle to 


automatically open to an 


automobile or other 
enter. A double ray is used so that 
the will not be 
interrupted by a person who may 
diagonal ray 
prevent the 
from lowering while the vehicle is 
still in the ramp. A bell signal may 


beams affected or 


be passing. A may 


also be used to door 


be located in the garaye to advise 
attendants that a vehicle is to enter. 
A typical 
erating system is shown in Fig. 4. 

Intercommunicating telephone 
systems will permit contact with 
various departments without caus- 
confusion, 


photo electric door op 


ing interruptions or 


tying up the regular public tele 

These secured in 
different types either the amplified 
or non-amplified, master selective- 


phone may be 


ringing common-talking, selective- 
ringing common-talking, selective 
manual 
dial 
Lamp signals may also be combined 
with many of these for 
The selection of 
system depends upon the num- 


ringing selective-talking, 


switchboard and automatic 

systems 
special purposes, 
the 
ber of stations to be used, whether 
more than one conversation 
held at whether 
system is to be under the con- 
upervision of indivi- 
selectivity is to 


or not 
will be 
the 
trol 
dual or 


one time, 
and an 
whether 
be obtained without the supervi- 
Other fea- 


as conference calls are 


sion of an attendant 


tures such 
also obtainable. 

most important for 
and freight elevators. 
chiefly of “up” and 
pushbuttons on every floor 


the 


Signal are 
passenpel 
These 


“down” 


consist 


except on extreme lower and 


upper floors, with associated 
nunciators in the elevator 
These are usually supplied by the 


All 


enger elevators should be equipped 


an- 
cabs. 
elevator manufacture pas- 
with telephones for emergency pur 
that a conversation may 
with the the 
main floor or the superintendent of 
the building. A 
system 


poses 80 


be had starter on 


dispatch signal 
should also be included for 
starting the elevators and for sig 
along the 
For dumbwaiters, two types of sig- 
T he 


a pushbutton plate 


naling at points route 


nals are generally used sim 
plest consists of 
adjacent to each dumbwaiter open- 
pushbut 
tons equivalent to the other stations 
to be called. A 


in each station as a signal. 


ing having a number of 


included 


Where 
of distribution is to be 


School 


All modern schools require sig- 


buzzer is 


one point 


naling and communication systems 
which will 
erly efficiently 
institutions. 


act as aids in prop 


and administering 
ich Adequate equip 
ment properly designed and _ in- 
stalled will give the best 


will conserve the time of stu- 


results 
and 
dents and the teachers 

Safety is the prime consideration 
a schools are occupied in many 
cases by children of all ages. High 
vocational schools and col- 
by stu- 
dents of a mature age, are equally 


schools, 


leyes, although occupied 
in need of efficient and reliable pro- 
tective systems, as such buildings 
are very large. In the case of many 


colleges, they are located in small 


towns where adequate fire fighting 

apparatus is not always adequate. 
In general there are several types 

of systems used in schools: manual 


fire alarm, automatic fire alarm, 


prinkler 
telephones, 


alarm, clock, program, 
radio dis- 


orchestra 


sound and 
tribution, lecture 
call, and door call. 

Any fire signal should be dis- 
tinctive from all other signals, and 
should be audible to everyone in the 
building. The apparatus for sound- 


call, 


ing the alarm should be generously 
distributed within the path of 
escape, and should be equipped for 
drill So-called fire- 
proof or fire-resistant buildings do 


fire purposes 
not decrease the need of properly 
drilled students. Even a small fire 
fill the corridors with smoke 
and may result in a panic 


may 
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maintained, a master plate having 
a pushbutton for each outlying sta- 
All out- 
vith one 


This will 


master p ishbutton sta- 


tion and a buzzer is used. 
lying stations have a plate 
pushbutton and a buzzer. 
the 

P 


ion LO all 


permit 
{ 


the outlying stations, 
while the outlying stations may call 
the master station. Telephones may 
used in dumbwaiter sys- 
vith 
able to converse between the points 


involved, 


Door 


also ne 


tems the advantage of being 


isually used be 
and 
such 


signals are 
I the boiler 


veen front, rear 


room entrances, to locations 


aus the main lobby, elevator shafts, 


iperintendent’s office and _ boiler 
room, All 
should be 


All bell 
duty ty pe 


pushbuttons 
type. 
the heavy- 


exterior 
of the watertight 
should be of 


Systems 


for use in 
four types, 


Fire alarm 


hools 


systems 
are usually of 
having characteristic 

they 
trically 


one common 
all 
supervised. In small schools, 
the 
coded types are frequently used. In 
the first 


glass stations 


are closed-circuit elec- 


either non-coded or master 


system, non-coded break- 
vibrating 
In the 
break- 


electric- 


operate 
bells or horns continuously. 
system, 
glass stations operate an 
ally tripped master movement 
the control panel turn 
operates either single-stroke bells 


second non-coded 
on 
which in 


or horns, sounding a common coded 
1-4, 


and colleges, the coded types of sys- 


ignal such as In large schools 
tem are used wherein every station 
distinctive code 
Where a 
number of buildings are involved, 
the 
modified 


transmits its own 


to the sounding devices. 


may be 
and group 
ystem, wherein a fire in one build 


coded type systems 


extended to a 
disturb students in 
The 


therefore, of a station in one build- 


ing need not 


other’ buildings. operation, 
ing sounds all signals in the same 
building and only operates signals 
locations 
supervisors and other members of 
staff Auxiliar- 
systems, wherein the signal is 


at certain other where 


the take command. 
ized 
also transmitted to the municipal 


also be 


fire department, may pro 
vided and is preferred in many 
The sed in this 


system provided 


com 
munities, stations u 
auxiliarized are 
with a special lock which enables a 
fire drill to be made with assurance 
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Specify PHELPS DODGE 
HABIRITE-INSULATED 


CABLE 


Phelps Dodge Armo-Lok cable with Habi- Far greater resistance to ozone found 
rite (butyl rubber) insulation—a companion around high voltage equipment. 
to Phelps Dodge Varnished Cambric insu- 


: Far greater mechanical toughness. 
lated interlocked armor cable—is more than 


“just another interlocked armor cable.” Better electrical properties affording a 
= :' rreater safety factor in operation. 

Habirite —developed through years of Phelps B F 

Dodge experience in the design and manufac- Highest uniformity due to controlled uni- 

ture of high voltage cables —is a specially formity of raw material. 

engineered butyl rubber compound. It far 


; , * * * 
surpasses any other type of rubber insulation 


for dependable service. See your Phelps Dodge distributor for infor- 
' ales mation on a complete Armo-Lok system. For 
Habirite offers these distinct advantages er ee 
; bl ; lat; catalogue and specification data on Habirite 

over other rubber insulations: ; ‘ — 
or Varnished Cambric insulated Armo-Lok 


Far greater resistance to heat and oxidation cable, write: Dept. E-5, Phelps Dodge Copper 
with consequent higher temperature rating Products Corporation, 300 Park Avenue, 


and lower conductor size and cable cost. New York 22, N. Y. 


PHELPS DODGE PRODUCTS 


CORPORATION 


SALES OFFICES: Atlanta, Birmingham, Alo., Boston, Buffalo, Charlotte, Chicoge ncinnati, Cleveland, Dollas 
Detroit, Fort Wayne, Greensbor 7] Houston, Jacksonville, Kansas ( ° on Angeles, Milwaukee 
Minneapolis, New Orleans, New York, Pt delphia, Pittsburgh, Portland, Ore., Richmond, Rochester, NM Y 
« 


an Francisco, St. Louis, Seattle, W ast ton, C 
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Multiple circuit program 
wmstrument 


Normal motor 


Reset m 


eet a. rece ce . St 
| 3T Ci C3.C5 123456 


Anan aARAeBARAARAAR 
White 
r 


fad EGER 


Auto 
reset contro/ 


8 26 IC 
B+ LLG 13 3c 
PEEP RTTTY 


; 
; ; 


5 amp cutout af 
eorest lighting or 
noin astridb pone/l 


OCK AND PROGRAM SYSTEM 


that the 
mitted outside 


signal will not be tran When it is isolated from the fire are provided for any minute inter- 


the building 


Automati 
may be 


fire detection systems 
included and interconnected 
with any of the manual fire alarm 


The 


gener- 


systems mentioned above 


thermostatic detector are 


ally located in the boiler 


kitchen 


schools having attic 


room, 
older 
this form of 
important. 

systems 


and storerooms. In 
protection 1s 

Sprinkler may be 
in some areas in the school 


very 
used 
build 
where the fire hazard is con 
sidered 


ings 
such as in store 
The alarm may be 
combined with the manual fire 
alarm systems or they may be self- 
contained. When with 
the fire alarm system an electrically 
tripped transmitter is 
the sprinkler 


great, 


rooms systems 


combined 


connected to 


valves or watertflow 


valves, and the signal is transmitted 


over the interconnected fire alarm 


wiring to the same audible signal 


alarm system, the wires are brought 
from the sprinkler control valves 
and waterflow valves directly to a 
separate control panel. This panel 
indicates the source of the alarm 
on indicators or drops. An audible 
signal such as a bell is also located 
near or adjacent to the 
panel 


control 


Clock and program systems pro- 
vide the means of showing correct 
time throughout the premises, and 
to denote the different periods in a 
day’s schedule. In grade schools, the 
programs are generally arranged to 
signals at the start of 
classes in the morning, morning 
recess, lunch period, afternoon re- 
cess and dismissal. In 
colleges the 


operate 


afternoon 


high schools and 
changes in class periods and eve- 
must also be 
setting up the 


Program 


ning classes con- 
ringing 


instruments 


sidered in 


schedules 
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val over a 24-hour period. 

The clock systems are available 
in different forms or types, namely, 
minute-impulse master control, syn- 
chronous-motored master control, 
dual synchronous-motored and elec- 
tronic. The minute-impulse system 
master clock and a 
number of secondary clocks and is 
operated on direct current through 
a rectifier. The master clock sends 
out electrical impulses every min- 
ute and sends out cor 


consists of a 


in addition 
rection impulses each hour to the 
secondary clocks. The synchronous- 
motored master control system con- 
sists of a master clock and second- 
ary clocks which are synchronous 
motored, The master clock corrects 
clocks each nour 
limits. The dual 
synchronous-motored system has no 
master clock as such but instead 
all clocks have two motors, one to 


the secondary 


within specified 
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Multiple sale item- 


market scarcely touched 
Exide Lightguard emergency lighting equipment 


When power fails and lights go out, 
Exide Lightguard emergency light 
ing units go on—instantly and auto 
matically. Plug into regular outlets 
Built-in charger. Batteries last for 
years. Several models 





HIGH RATE 


) 4 e 


{> 


\ YZ 





& 





wa 
a 


| 


MAR. LAG? WATTS, COW. 6 


Exide tichtcuaro 





\ 
3 








Knock on any door today where people congregate. Chances 
are you'll find a tomer for Exide emergency lighting 
equipment. Risk of he losses from panic, theft or injury 
iS Making it increa gi ecessary Some areas require emer- 
gency lighting equipment by law 

HERE’S YOUR MARKET: stores, office buildings, schools, 
theaters, factories, laboratories, restaurants and institutions, 
Most buyers need several units. So every sale can be substan- 


been tapped 


BECOME AN EXIDE DEALER. Get in on the ground 
floor. Sell Exide Lightguards—foremost in the field for 
quality and acceptance. Send the coupon today 


| 
| 
| 
| 
| 
| 
| 
tial. And the tremendous potential has as yet scarcely | 
| 
| 
| 
= 


WY / 
AUXILIARY LIGHTING UNIT 
MODEL-M CAT. No. 48263 : 
AL. PUT <198 9. GOCY 254. Gy 





> , 
Exide Industrial Division 


The Electric Storage Battery Company, Philadelphia 2, Pa 
end details on Exide Lightguards 


Name 





Street 





City Zone 





My business is 
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CPUPLEVELS 10 CLV OORADER 


Look no further! When you need wiring de or standard outlets whether your switch 

vices, it's easiest to order from the complete line needs are for residential lighting, heavy-duty 

Pass & Seymour. There is a P&S wiring device motors, commercial installations or the super 

to fit every one of your needs exactly—and they're mart ROTO-GLO! the best wiring devices 

all famous for durability and  performanc« in every price range, come from Pass & Seymour 
Whether Turnlok,” Polarized,” specification type 


a 
a 
I ae: 


> DECPARD LINE 


lo meet specifications for almost 





every type of commercial and residen 
tial installation, nothing beats the ver 
satility and compactness of P&S Des 
pard devices. Up to three interchange 
able switches, outlets, pilot lights or 
special devices fit in a one-gang, stand 
ard size plate. Assembled quickly, on 


the job, to fit each particular situation 





No need to carry large inventories of 


standard outlets and switches! 


For complete details, write Dept. ECM-14 


PASS & SEYMOUR, INC. 


SYRACUSE &, NEW rs 
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operate the hand 


ner and 


i normal man 
speed, other to oper- 
ate at a much f: r rate and which 
in turn is used t advance the 
clocks to correct time after an in- 


rent 


supply 
onsists of a 
master clock tra! itter and a 
number 
clocks 


elec t 


secondary 
a specified 
rical freq and are 


trolled once each hou the 


con 
master 
clock 
Program s ns consist chiefly 
selec- 
and the 
necessary i ] ignais ich as 
bells or buzzers 


the bells 


by an 


of a 


program instrum a 


tive signa 


ystems, 
and replaced 
oscillator and loudspeaker 
The program com 
m ol device, 
iit relays 
and pro 
ons In a 
small ea ble signals 
may be c olled directly from the 
program li! ! } I n the 


larger 
ystems \ e] ity is re- 
quired, ; gnal control board is 
ton for each 
ot program 


al with 


gram clr 
incorporating 


ignal conti 


indphone 

is added to tl for com 
munication Tf! n tne 1 office 

tne cli 

ndutton 

| are used 

tele phones 

program 
as thei 

in the 

a 

ually 


ation 


Or bells 


veatner 
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SOUND AND RADIO DISTRIBUTION SYSTEM 
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FIG. 6 - TYPICAL 
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and the main office and 
This 


means of a 


pal’s office 
the classrooms. 
complished by 


may be ac- 
master 
ystem having a central telephone 
in which the pushbuttons are used 
to call the outlying telephones each 
of which have an audible signal en 
closed 


the signal control board of the pro 


within the instrument. Or 


vram 
tne as 


may be used as 


tem with a handphone and 
ociated ( equipment 
using 
with 


outly ing 


outlying ; phone 


losed 


tandard 
signal 
tele without a 
vhich case the 


the clock cases 


ignal, in 
program buzzer in 
would be used as a 

The cla 
are ially of the vall 


while those in the 


roon telephones 


mounted 


ype, 


principal's 
and assistant principal’s offices 
would he of the 


{ 


handphone-on 
pe In large high schools 
vitchboard 
dial 
In the 


uid have 


and colle yes, @ man ial 


em or an automatk 


ised 


type 

former, 
full 
veen all point 


con 


each per 
dial to 


em con 


; 


rol desk, micro 


peakel The con 
may be located in some 


oom near tl principal’ 


f 


. ] 
composed of individual 
ch outlying 


‘ iif 
auqai 
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microphone, record turntable, radio 
receiver, amplifiers and other con 
trol devices. The microphones are 
located at the control desk, prince! 
pal’s office and stage with outlets 
at other The 
located in the 
auditorium, 


points as selected 


loudspeakers are 
classrooms, gymna 
ium, corridors, cafeteria, athletic 
field, ete The 


distribution of radio programs, re- 


ystem enables the 


lectures and 


ments to all 


cordings, announce- 

points selectively or 
If desired the talk-back 
feature may be included which will 
permit conversations to take place 


collectively 


between the monitor speaker at the 
control desk and the loudspeakers 
in any 


classroom. A typical sound 


and radio distribution system is 
shown in Fig. 6 

Lecture call sy real 
ity return-call 
used between the stage 
torium and the 
Most of these 


tation on the 


tems are in 


systems and are 
in the audi 
booth 
of a 


installed on 


projection 
systems consist 
stage, 
floor 


the wall or in the A long port 


able cord with a detachable plug 
and a pendant pushbutton is a part 
of this station and is used for call 
projection booth 
ounded, A buzzer is 
wall of the 


from the 


ing the where a 
puzzer 158 
mounted on the ‘tage 


and is controlled station 


in the projection booth which con 
mounted on 
with the buzzer 
stage. A 
be added to the pro 
switch 
buzzer or the 


Tele 


sists of a 
the wall, 


u sed for calling 


pushbutton 
yanyed 
from the 
pilot light may 
ection booth 


© that either the 


‘ ; 


tation with a 


light may be operated 
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phones may also be combined in 
these tem 
Orchestra call tems are usu 
ally return-call tems in which 
lamp annunciators with a buzzer 
and pushbuttons are used, and 
these are located in the orchestra 
pit Outlying tations consist of 
tations with a buzzer and push- 
button or a pilot lamp and push- 
H . 
ospital 
Hospitals use a wide variety of 
ignaling and communication sys- 
tems which are essential to their 


efficient operation, The equipment 


has been designed to facilitate serv- 


ice to the patient and to preserve 


the energy of the nurses and other 


attendant The safety of the pa- 
tients, nurses and other members 
of the hospital staff has also been 
considered in the design and the 
type of systems available. 

There are several types of sys- 
tems used in hospitals, namely 
visual and audio nurse-call, emer- 
yency calls, psychopathic alarms, 
paging, “In” and “Out,” sprinkler 
alarm intern, ambulance, clinic, 
inter-phone, nurses’-home room- 
calls, clock laboratory, fire alarm, 
vatchmat report, elevator and 
‘ caleceeentiiaialaiaie 

— 
DIC iL 
Laiy 2u 
»2C 3L 
I »2V @ 
SiG & 
cM 






















sted shielded No. 20 


AUDIO VISUAL 


button and are located 
lighting switchboard 
projection booth. 

Dressing room call systems are 
similar to the return-call systems 
mentioned previously. The an- 
nunciator is generally located at 
the stage lighting switchboard and 
the return-call stations are located 
in each dressing room. 


Systems 


dumbwaiter signals, door-calls and 
ground detector signals. 

Nurse-call systems are used by 
the patients to call a nurse or at- 
tendant to the bedside. There are 
two general types of such systems 

the visual and the audio. By 
pressing a portable button, lights 
are caused to be illuminated over 
the patient’s door in the corridor, 
duty rooms, diet kitchens and the 
nurses’ stations on a given floor or 
section thereof. In the case of a 
ward, a pilot light is included with 
the calling station or is mounted 
on the ceiling above the curtained 


at the stage 
and in the 


cubicles to ascertain the origin of 
the call. The lamp signal at the 
nurse’s station may be a single com 





for each room. The 
choice depends upon the number of 
rooms, shape and size of the floors, 
the number of nurses available, and 
the amount of efficiency desired 
In addition to the lamp signals, a 
buzzer is each 
visory point such duty rooms, 
diet kitchens and nurses’ stations 
together with a cut-off switch per- 
mitting full all times 
In large hospital, it is also at time 


indicating lamp 


located at super- 


as 


control at 


desirable to install supervisory an- 
at the chief 
quarters which may have duplicate 
signals of those shown in the an 
at the 


nunciators nurse’s 


nunciators regular nurse 
stations. 

Directional pilots are of assist 
ance when used with nurse-call sys 
tems. 
tention to the nurses while en route 
between patients’ rooms and points 
They the 
general direction of a call without 


They are used to direct at 


of supervision. indicate 
having to return to a supervisory 
point. These signals 
door-lamp stations mounted on the 


consist of 


ceiling of a corridor intersection 
and may be interconnected with 
other floors. 


Nurse-call of 
and audio type using locking but 


stations the visual 











mon lamp for a floor, or a section tons may be ganged with othe: 
thereof, or an annunciator with an outlets such as radio, public tele 
Barhroom stotion 
Bedside star y 
perating 1 
room eRe aOR 
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Easy-to-apply Wedgit Fittings 
= clamp UNI-TRAY sections to- 
gether under secure spring 
tension—joints become 
stronger than the cableway. 





PTC lil ms tiie with an improved 


UNI-TRAY Cable-way System 


With Delta-Star’s UNI-TRAY Cable-ways you reduce installation time 
up to 40%—substantially cutting cableway costs. Simply position the 
trays, then tap in Wedgit Fittings to connect sections. No bolts, pins 
or hinges to fit or tighten. UNI-TRAY Cable-way joints are assembled 
four times faster than with other type fittings. 





Strong, lightweight expanded metal sections provide ventilation 
necessary for high current rating of cables—prevent collection of 
water and dirt. Continuous Wedgit contact areas provide excellent 
electrical contact for ground currents. 

UNI-TRAY sections are available in hot-dip galvanized steel, with 
aluminum Wedgit fittings. Aluminum sections also available. A wide 
variety of shapes and sizes meet specific requirements. 

For complete facts, write for UNI-TRAY Publication No. 68—or see 
your nearby Delta-Star representative. 


HK DELTA-STAR ELECTRIC DIVISION 
[= ro een H. K. PORTER COMPANY, INC. 


2437 Fulton Street - Chicago 12, illinois - District offices in principal cities 
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phones, duplex convenience recep- 


tacles, night lights, ete. 


A barrier 
provided in the outlet box 
a lighting circuit enters 
outlet. 
stations of the 
visual and audio remote-reset type 


must be 
whenever 
adjacent to a low-tension 
However, nurse-call 


use momentary-contact 

The feature is 
used in conjunction with the visual 
nurse-call sy 


buttons. 
audio or voice 
tem and is a valuable 
the may con- 
verse with the patient and in that 
way give better 
save considerable and foot- 
this system, the patient 
presses the pushbutton in the usual 
manner and all lights and buzzers 
operate as 


adjunct since nurses 


can service and 
time 


steps. In 


described, 
The chief change is at the nurse’s 


previously 


station, where in a new installation 
the omitted, since 
the lamps, the control and the audio 
equipment is 


annuneiator is 
enclosed in one unit. 
A loudspeaking unit 
the wall at 
on the 
patient's 


is located in 
the head of the bed or 
night table alongside the 

bed. When the patient 
presses the button, a lamp illumi- 
nates in the unit at the 
station. A control key for 
that station or room is operated by 
the and the 
pleted for talking 
in the 


master 
nurse’s 
nurse circuit is com- 
All other lights 
and supervisory 
points remain illuminated until the 
button is reset at the patient’s bed- 
side in the case of locking button 
systems, or either the 
patient's bedside or at the nurse’s 
station in the case of the 
tary-contact button type 

wiring 


corridor 


reset at 


momen- 
A typical 
diagram of a visual and 
audio nurse-call system with auto- 
matic reset is shown in Fig. 7 


Emergency Call 


An emergency feature may be 
added to any nurse-call system. 
This is in most cases used by the 
nurse to call pa- 
tient’s room when the occasion re 
quires. In the locking 
button nurse-call system, the emer 
gency button has the same contact 
mechanism as the portable button; 
but it is mounted directly in the 
gang plate. When this button is 
operated it illuminates separate 
and distinct lamps and audible sig- 
nals. As an example, a red or green 


assistance to a 


case of a 


lamp is added to each corridor lamp 
station to all sta- 
In addition a bell, which op- 


and supervisory 

tions. 

erates continuously, is used. 
Psychopathic alarm systems are 


used as a protection in the event 


a nurse or attendant is 
patient. 
consist of 


attacked by 
Such a system 


corridor-control 


a violent 
sta- 
tions, room-calling stations, corri 
dor lamps and supervisory stations 
as for the regular nurse-call sys- 
tem. When an attendant enters a 
room, the corridor control station 
is set by means of a key before 
going into the room. This immedi- 
ately energizes the room stations 
within that room and lights a clear 
lamp in the corridor door lamp and 
at the supervisory points. Should 
it become necessary to call for as- 
sistance, the room stations are op- 
erated by means of a pushbutton 
which lights colored lamps at all 
points described previously and op- 
erates a bell continuously at the 
nurse’s station and at other points 
desired. The system is de-energized 
by resetting the corridor station. 
Paging Systems 

Paging systems are used to 
locate doctors and other members 
of the staff throughout the build- 
ing. There are three general types 
of systems used: visual, sound and 
coded, The visual system uses lamp 
annunciators throughout, but also 
incorporates an audible signal such 
as a buzzer or chime in the event 
an occasional selective signal is de- 
sired. The sound system consists 
of loudspeakers throughout. The 
system bells, buzzers, 
sounders or chimes throughout. In 
the visual type, three and as many 
a8 six persons may be paged at one 
time by setting up the combination 
of code 


coded uses 


numbers. three 
although 
occasionally one, two, three or four 
digits are used to increase the code 
number combinations. 


Usually 


digit figures are used, 


In the sound 
system, the name of the person is 
transmitted through microphone. 
In the coded system each person is 
assigned a code number which is 
transmitted from a central point to 
all audible signals 

— 


by the doctors and other members 


and “Out” systems are used 


of the staff to designate whether or 
not they the build- 
ing. Generally, an entrance register, 
having a lamp and a for 
each the 
main entrance of the building or in 


are present in 


switch 
person, is located near 
the doctors’ 
Another 


register 


cloak or lounge rooms. 
known as the office 
having the same ca- 
pacity, is located near the telephone 
switchboard operator. In the stand- 
ard type system the office register 


unit 
and 
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does not swit hes, 
the recall or 
a switch 


ame a 


require 
stem, 
the 


registe! 


message type sy 
lamp, 


for the entrance 


adjoins each 
In the system using the entrance 
and the regular office 
register, the doctor operates the 
switch alongside his name and this 
causes the lamp to illuminate his 
name at the entrance register and 
at the office When he 
leaves the building he returns his 


register 


register. 


switch to the original position in 
order to extinguish the lamps. In 
the message signal type, the opera- 
tion of the switch in the office 
register by the telephone switch- 
board operator causes the connected 
lamp to flash in both units and in- 
dicate that such a person is wanted 
at the office to 
instructions or mail before leaving 
the building. A typical “In” 
“Out” system is shown in Fig. 8 
Sprinkler alarm systems are used 
where it is 


obtain a message, 


and 


in localities deemed 
necessary to deluge the contents of 
a room to insure against spread of 
fire from one point to another 
Intern-call systems generally con- 
sist of either a return-call system 
or a master telephone system be- 
the living quarters 
and the head nurse’s or superintend- 
In the return-call sys- 
with a 
central 


tween interns’ 
ent’s office. 
board 
buzzer is the 
point, and a return-call station con- 
sisting of a buzzer and pushbutton 
intern’s room. 
Added features would be indicating 


tem a pushbutton 


located at 


is located in each 
drops in the room stations and in 
the unit at the central point. The 
to call the interns 
to the nearest telephone. A hand- 
phone may be added to any of these 
inits to insure direct conversation 


system is used 


Ambulance Calls 
Ambulance calls may be kept 
separate but are often combined on 
an annunciator with 
signals. In most cases, however, the 
that a 


annunciator in- 


other door 


system is so arranged bell 
operates with the 
dicator as a distinctive signal when 
a pushbutton is operated from the 
ambulance entrance. 

Clinic generally 
composed of annunciator or buzzer 
call systems. In the case of ex- 
amination and dressing rooms, a 
pushbutton plate is located in the 
former having a pushbutton for 
each dressing room. A buzzer is 
located in each dressing room. The 
the 


systems are 


signal designates that doctor 
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Hubbard Service Entrance Mast Kit 


The new Hubbard Service Entrance Mast is your answer 


» low r rvice 1m. Because it is designe 
to the low roof service problem. Because it is designed to mmrrTTA) HA 
Ve) 





conform to the latest service entrance practices, local 
requirements can be met with a minimum of time and ex- 
pense. Easily assembled with only a few electrician’s tools, 
the installation is fast, weather-tight and permanent. 
Two complete kits are available for use with 2-inch 
or 24-inch conduit risers. Each kit contains Slip-fitter 
Entrance Head (1), Galvanized Roof Flashing (2), two 
Mounting Brackets (3), and Offset Reducer (4) for 
Meter fittings. All accessories necessary to meet local in- 
stallation requirements are available and must be specified 
separately. For complete information write for copy of 


2 ler P |? 
HUBBARD AND COMPANY 


fulletin 
Pittsburgh 1, Pa 
Chicago 50, lil 


Oakland 3, Cal 
_— 
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FIG.8-— "IN" AND"OUT"SYSTEM 
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INTERLOCKING DOOR SYSTEM FOR LABORATORIES 


~< Transformer 


//S volta 





for a 
of 


Is Waiting 
the 
dres 


specific patient 


In Case examination roon 


station, 
the 


sing rooms and nurse 


be 


annunciatol 


pu shbuttons 
while 
at the 
from the 

designate 

A call 
would de 


for examination 


may placed in 


rooms an 
located nurse’ 


call 


would 


A 


room 


station 
examination 
the 
the 
the 


available 


rooms from dressing 


room ignate patient 
ready 
Interphones are used between 
the main kitchen and the floor diet 
kitchens usually located 
the They may 
be the office 
supervi ete 
maste 
the 


located 


and are 


neat dumbwaiters 


also used between 
nurses’ 
For the 


system 


stations, 
kitchen 
be 
telephone may 

main kitchen 
pu hbutton 
lying telephone, The outlying 


with a 


ors, 
service, it 
wherein 

he 


may used 
master 
the 


with a 


ulpped 


; 


in eq 

for each ot 
tele 
phones are provided le 
In thi 


telephone ( 


ing 


pushbutton ten the 


master ‘all any of 
the the 
outlying telephones can only call the 


master For intercommunication 


an ¢ 


outlying telephones, but 
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number of offices 
departments, 
common-talking 
ul sed 
than 
ing 


between a small 


and variou a selec 
tive-ringing Sys 


tem may be In larger systems 


ing more 12 telephones a 
elective-talking 


should be used 


ny 


elective-ri 
tem 
Nurses’-home calling systems are 
composed of the same equipment as 
previously described under intern 
call sy 
nome 
hould b 


vherein 


stem. In very 
the unit 
e of the plug and jack type 
jack is 
having the same 
their 
The wiring in this system 
simplified and results in 
a large saving for installation. 


large nurses’ 
central control 
a telephone type 
ised for all room 
last 


number 


two digits in room 


greatly 


Clock systems are very important 
n hospitals, both for keeping time 
anesthesia 


and in administering 


The types of systems available are 
described 
They 
nurses’ 
laboratories, 
etc 
in- 


the same as previously 
hool 


in offices, 


nde. f systems are 


located 


corridors, 


station kitchens, 


operating 


lounges, 
should 


rooms, 


onds-beat clocks be 


~é 
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stalled 
rooms, 
Dining room call systems consist 
of of pushbuttons dis- 
tributed throughout the dining 
rooms for doctors, nurses and other 
members of the staff, with 
nunciators located in the 
office. The 
the origin 


in operating and delivery 


a series 


an 
kitchen 
or dietician’s annunci 


ators indicate of the 
calls. 
Laboratory 
for 
may 


cabinets 


signal 
various 


systems are 


used purposes. Con 


tacts be placed on the doors 
of which drugs, 
narcotics, etc., and the signals may 
transmitted to an annunciator 
in the office of the person 
charge. An _ interlocking 
control system may be provided on 


contain 


be 
located 
in door 
the doors leading to the dark room 
for the development of X-ray films 
This is so arranged that 
may enter such room 
inner or another entry is 
to that bright light 
does not enter the developing room. 
This system consists chiefly of elec- 
locks, pushbuttons 
door contacts. A typical system of 
this type is shown in Fig. 9 

Fire 
hospitals 


no one 


a unless an 
door 


closed insure 


tric door and 


for in 
of the 
In this type of 
the first operation of the pull lever 
in the coded 
pilot bells at 
points such as the superintendent’s 
office, chief office, 
neer’s office, shafts, 
arrival of 
it necessary 
the the officer 
inserts a plug in the station 
jack and pulls the levei 
all bells throughout the build 


Occasionally a 


alarm systems use 


are usually pre- 


signal type. system 


station only operates 


certain supervisory 
nurse’s engi- 
et 
the 

to 


in 


elevator 
at the 
deemed 


Upon point 


if is 


ate 


fire, 
vac building, 
charge 
alarm 
that 


ing operate. 


40 


regulal 


system is used and chimes 


the 
supervisory 


coded 
stations 
Where 


involved 


located 
at 


several 


are at nurse 


and points 


buildings are a 


group system such as previously 
industrial tems 


described unde 


is preferable, using the pre-signal 
equipment in the hospital building 
Automatic fire 


may used 


alarm equipment 


be in storeroom 


other hazardous location and in 


al fire 


othe! 


terconnected with the 


des 


r 
IT 


anu 


alarm system a cribed in 
section 


Watchman’ 


ised in hospitals to in 


report 


premises are covered 


The 


in other sections 


night types 
described 
used for this purpose. 
Sound and radio systems enable 
MAY 
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why retuse this helo when its time 
O pai | 


You may need new fuses because you're expanding the problem is unusually difficult, he can draw on the 


your equipment or adding new circuits or maybe experience of ECONOMY engineers who have encoun- 
your present fuses have been blowing too frequently 


























tered every kind of fuse situation during the more than 


44 years of the company’s history 
No matter what the reason, before you buy new fuse: 


call your electrical wholesaler who carries ECONOMY 


FUSES especially if you're in doubt or have an unusual Ask for the Complete Line Folder No. 3 
fuse problem 

lf your electrical wholesaler is out of them, write to us or 
Your electrical wholesaler will advise you which ECON simply check the coupon below. Also check for catalogs 
OMY FUSE is best suited to your particular need. If or special bulletins you want 


dual-element fuses offer 
dual-protection 


tuses for every Purpose 


ECONOMY FUSE & MANUFACTURING CO, 


y other Economy Fuses and fuse accessories 


eee, ee ee ee 


| INFORMATION COUPON | 


MY FUSE & MFG 7 Greenview, Chicago 14, til | 
| , 


my DELAY Renewable 
Renewable Plug 


r . > Ti amp Clearsite 


COMPANY NAME 


| NAME 
| 
I 


city zone STATE 


For special Bulletins on ony of these Check and Mail This Coupor 


bo au aus Gun aus cu au» Gem aw a=s aw GD 





STREET ADDRESS ! 
! 
J 


For FUSE ECONOMY Use Economy Fuses 
SEE YOUR ELECTRICAL WHOLESALER 
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AND THE INVISIBLE INGREDIENT 


produce each day 
of the day before, Paran 

power. At years the respect of c« 

icerely in salers everywhere. In 
having long experienced the 
Paranite wire | lucts 
“If It's Paranite, It's Right! 

So specify Paranite, knowing that che 

and cable you receive is as nearly 


j 


ian hands can pros ‘ 


From POWER CABLE 
to FIXTURE WIRE... 
you'll find Paranite 
DIVISION ESSEX WIRE CORPORATION quality high ... service 
FORT WAYNE G, INDIANA outstanding! 
MANUFACTURING PLANTS: Birmingham, Ala.; Anaheim, Colif.; Jonesboro, Ind.; Marion, ind. 
Warehouses* and Sales Offices 
*Atlanto @ 1», Masse polis, Indiona; “Kansas City, Missour deiphia), Pennsylvania; Rochester 


chusetts Y nois, Cleveland *Los Angeles, California; “Newark, New York; “Saint Louis, Miss 
Otic, Dalle { Mich New Jersey Omaha, Nebroska,* Port *Son Francisco, California; Seattle 
gan, Norttord, © Indiona land, Oregon; Upper Darby (Phila Washington, Spr ngfie d, illinois 
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DESIGN DATA FOR SOUND SYSTEMS 





Following is an outline of usual factors involved in laying 


out paging, public address and music distribution systems: 


LOUDSPEAKERS 


A. Number of speakers (depends upon size, 
shape and type of area) 
One or a few, € h »perating at higt 
output (high-level speaker system) 
nber each oper 


w lieve speaker 


wo nounted, ceiling 
pended-baffle enclosure 


pet. projector horn 


np 
mpedance 
ve (ohms) o 
mber of speak 
ries-paraiie 


onstant-volt 


D. Placement of speakers 


ond auditoriu 
ward of micro 
ack (squealing 


ound bounc 


AMPLIFIERS 


Power output 


ds upon size 

be »vered by 

ympanying table) 

Number and types of inputs (terminals 

for connecting high- and/or low-im 

pedance microphones, record player or 
radio tuner 


Output taps (impedance values 


Special functior 
Re if 
} 
Amp 
mying 


Controls 


A 


F Remote volume controller (plug-in unit 


for use at distance from amplifier) 


G. Power source 


ELECTRICAL 


5 vd 


4.6 of 12 vd 


Amplifier mounting 
Portable, with protective cage 


2. Panel-mounted, for installation on rack 


Cost (increases with power rating and 
fidelity of reproduction) 


Separate preamp unit (for one or more 
remotely located power or booster am 
plifiers) 


Custom assemblies (amplifier, preamp 
radio tuner, record player, or other in- 
put devices mounted in vertical cabinet 
rack or console cabinet) 


INPUT DEVICES 


Microphones 

1, Crystal, dynamic or velocity 

2. Omni-directional, bi-directional, or uni 
directional (cardioid) 

Record player (automatic or manval) 

Tape player 

FM-AM radio tuner 


Tone generator 

1. To produce tone signal for factory work 
shifts, lunch periods, etc 

2. Electronic siren for alarm applications 


3.To simulate sound of large bell in 
church belfrys 


TYPICAL SYSTEM DATA FOR VARIOUS APPLICATIONS 





Application Rating 


Area 


(Watts) Speakers 


Sq. Ft. Amplifier Number 


Type of 


of Speakers 





2,000 15 
Auditoriums 5,000 30 
15,000 50 


2 12” Cone in Wall Baffles 
2 12” Cone in Wall Baffles or 
12” Projector Horns 





2,000 15 
Ballrooms 4,000 30 
10,000 50 


12” Cone in Wall Baffles 





1,000 10 
Churches 4,000 15 
15,000 30 


10” Cone in Wall Baffles 
12” Cone in Wall Baffles 





Classrooms, 500 10 
Offices and 2,000 15 
Stores 8,000 30 


8” Cone in Wall Baffle 
10” Cone in Wall Baffles 





1,000 15 
4,000 30 
8,000 50 
40,000 100 


Factories 


12” Projector Horns 


Re-Entrant Horns 





1,000 10 
4,000 15 
10,000 30 


Funeral 
Parlors 


12” Cone in Wall Baffles 





Restaurants 1,000 15 
and 5,000 30 
Night Clubs 10,000 50 





Stadiums 3,000 15 
and 10,000 30 
Gymnasiums 50,000 100 


12” Projector Horns 


2 12” Cone in Wall Baffles 
4 
8 





Re-Entrant Horns 





NOTES 


averages — not 


mums Of Mazimums 


nd amplifier power rating should be increased where 


sher thanr 


ore ndicated for 
frequent advantageous 
1 y 


generally require 


»rmal for the type of area 


cone speakers, ceiling recessed 


lower speaker sound levels 


ry with shape of the plan view of the area 
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it on one or 


more 


channels of radio 


programs, 
announcements, 


the 


recordings ete 


Connection of headphone or 
plugying 
into the jack on the wall plate, 
ually the nurse-call 
tation ision should also be 
the outlets 


olariums, 


loudspeaker made by 


yanyed with 
made for elevision, 
being located in day 
room and lo inves 
Elevator 


and 


ignals for passenger 
provided, 
provided by the 
these units. 


required for dumb- 


freight are always 


and are usually 
manufacturer of 
Signals are also 


vaitel 


systems are of the 
type providing weather- 
pushbuttons at the front, 
rear and boiler room doors and 
operating an annunciator in the 
office with extension bells at speci- 
fied locations. 


Door-call 
standard 
proof 


Ground detector systems are in- 
stalled for each operating room in 
the adjacent corridors. They con- 
sist of pilot lights and ground test 
switches. They are used as a pre- 
prevent 
explosion of 
with 


electric spark due to the presence 


cautionary measure to 


hazards caused by 


anesthesia when contacted 


of static electricity 


Apartment House Systems 


While 
ised in the past for apartments are 


ome of the signal systems 


no longer in large demand, there 


tems considered a 
the 


undet 


are several 
convenience to 
othe 
ore of the 
thie 


interphone ite 


tenants and 


mandatory law 
tems include 

prinkler alarm, 
call sy 


ystems 


anual ilarm 


tems and 


television antenna 


Fire alarm tem are manda 


or inde 


multiple-d 


tate and city 
should 
They 


coded SVS 


man 


velling li and 


ie che ked for 
the 


noti-« oded 


requirements 
vary from 
the 


prinkle 


reyular 
tem to types 

alarm are also re 
quired under many tate 


and city 


ordinances covering multiple dwell 
ings and like the fire alarm systems 
checked for requirements. 
Interphone are ntsed to 


the 


no ild Ie 
some 


extent 


between vestibule or 


-——-—— 


Alorm 
lamp — 


020 ®@ 
Q2® ® 


Trouble Zone 
lomo pilots 


VOLTAGE 





— 
boo os 


to the 
the superintendent. They are also 
used in the vicinity of the dumb 
waiters in the older apartments. 
The suite telephones are generally 
provided with a pushbutton for 
the door-opener at the 
main entrance with a second push- 


lobby various suites and to 


operating 


button to call the superintendent 
Suite-call systems simple 
inasmuch as they consist of a push 


are 


button located adjacent to the door 
of the 
buzzer 


suite which is wired to a 
within the either 
mounted separately or enclosed in 
the housing of the telephone. 

Television outlets should be pro- 
vided in all new apartment suites 
together with the 
tenna system. The common 
more than one television 
the use of FM radios require sey 
eral outlets from the antenna 


Suite 


associated an 
use of 


set and 





Vo /677 





Manual stations 


| 
£e ab 


Automatic 





sfatrions 





AUTOMATIC FIRE ALARM SYSTEM 
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Hotel 


Fire 


Systems 


alarm systems fo1 
should be of the 
operated pre-signal type as previ 


general 
usage manually 
ously described under hospital sys- 
tems 

fire 
located in storerooms, 
kitchens othe 
locations presumed to be hazardous 
they 


manual 


Automatic alarm tems 
should be 
boiler room, and 
In the larger buildings may 
with the fire 
alarm system. In smaller buildings 
they may be ther- 
mostatic rooms, 
clothes 
wells, 

with at 
station on 


be combined 
separate using 
detectors in all 

corridors, tair 
kitchen 


non- oded 


closet S$. 


boiler room and 


least one break 


yviass each floor located 
near stairways and other paths of 
The hould be 


into zones using a 


escape, 
divided 
circuit 
with zone lamps, trouble lamps and 


System 
closed 
supervised control panel 
alarm lamps and bells all designed 
for 
though the main power supply fails. 


continuous operation even 
Fig. 10 shows a typical system of 
this type. 
Sprinkler alarms in the large 
used in the 
and other loca 
hazard. In the 


constructed of 


buildings are base 


ments, storerooms 
tions of ible 
smaller buildings 


non-fireproof material the system 


pos 


may be installed throughout. 
Paging systems are used by the 
bellhop captain for locating guests 
and members of the staff. They 
isually of the public address type, 


are 


more microphones in 
conjunction W loudspeake1 
the lobby 

hop, ballroom, etc 
should 
offices, 
ballroom, 
grille 
type 


4 hool 


ising one or 
ith 
located in lounges, 
grilles, coffee 
Clocks 
be located in 
kitchens 
private 
They 


previously 


are essential and 
the lobby, 
engine room, 
rooms and 


the 


dining 


may be of same 


outlined unde 


and industrial Time 


building 


stamp and employee card re 
corde} may be used separately or 
with the 


and 


ombined clock systen 

Hold-uy 
tems may be used 1 cashier 
the 


industrial and 


gla alarm 


but 


counters and vault in same 
manner described for 
office buildings 

All rooms should be 


radio programs 


for 
have 


and 


vired 
channel and 
television outlet Lounge 
grilles should have 
connected television sets 


itlet 


permanently 
A ith suit 


able antenna « 

















Chromalox EI Heating Equipment Stunt. W 
In Cc 

can put ry phase of an im- ker togond Company 

portant growing | ness. In the Home, 


Commer! na lustry. electric heat- Please send me the literature checked below 


ing ap] | I new and promising [ ] General Industrial Electric [ ] Electric Heaters for f ] Electric Range and Water 


7637 Thomas Boulevard, Pittsburgh 8, Pa 


sales « DI Heating Units Electroplating Heater Units 


With hron x heating equipment, [] industrial Radiant Heaters [_] Thermwire Heating Ca Baseboard Heaters 


you <« heating problem | } 101 Ways to Apply f ] Cartridge Heater Radiant Wall Panels 

‘ 
. tr 1] tand; » » Electric Heat = Fa - alli ' 
elec ird types, sizes C) Circulation Heater ] Fan Driven Wall inser 
and ra orld’s largest stock. Avail } How to Solve Winter Meaters 
Problems with Electric Heat [ J s 


trip Heaters | Hi-Flow Portable Heaters 


able fi i liate delivery. Complete 
accessories. Na | Process Air Heaters [ ] Comfort Heaters Hility Spot Heaters 

ering service. 

how you can take Nome 


les Opportunities in 
Con 


electi eal tact your nearest 
Chroma! i ( tative or write direct 


Edwin L. Wiegand Company 


7637 Th as Boulevard °* Pittsburgh 8, Pa 
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Heating, and Air Conditioning 


EATING 


conditioning 


and air 
equipment instal 
lations are normally designed 
by the project mechanical engineer 
vith engineer of 
the equipment manufacturers. Ele« 


trical 


in conjunction 


engineer performing this 
will al aided by 


manufacturer Since 


function 


do so 
engineer 
no attempt can be 


made here to go 


into heating and air conditioning 


engineering, only factors affecting 
the design of electrical 

uch which differ in 
ome respect from general applica 


tions will be 


Viring to 


equipment 
considered 
The problem of providing suffi 


cient heat or ail 


conditioning for 
with 
hence wiring 
uch loads will, 


iis for other loads, be a function of 


specific applicatione varie 
the desired objec tive: 


requirement for 


the rating of the connected eq iip 


ment. For the great variety of in 
dustrial 


heat, 


application ot electric 
requirements may be sum 
generally by l the 

heat raise 


liquid or 


marized 
amount of 
the 
terial 


necessary to 
solid, yaseous 
the 
the 
quired to maintain temperature 
Due to the heat retentivity of 
building materials and the continu 
ous nature of space heating load 
the initial heat to bring the space 
to temperature is not 


ma- 
involved to 
temperature 


operating 


and (2) heat re 


normally 


considered, design being based 
the heat 
lost by 


and 


merely on 
offset that 
duction 


necessary to 
convection, con 
radiation through the 
building itself to the outside 
Equipment capacities for electri: 


space heating application are 


usually figured quite closely. In 
dustrial and commercial users are 
faced with higher operating costs 
electrical demand 
effort i 


tinuous 


due to charge 


and made to keep con 


loads a low a possible, 


consistent with actual require 


ments Excess would re 
control to 


conne ted 


Capa ity 


quire extra means of 
regulate the amount of 
load operating at any one 
due to 


factors involved in 


time 
However, additional 
industrial heat 
and the 
the load at 


intermittent 
afety facto 


ing pro eSs8e8 


nature of 
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vicinity of 20% ov 
frequently adopied 


in the 
ity is 


'r-Capac- 
Depend 
ing upon the _ specific process, 
present which 
such 
exposed sur- 
heat 


auxiliary 


lacto! otten are 


cannot be 1] ast exact! 


as heat losses from 


lace ol equipment, absorbed 


by conduction to ap- 


paratus, et Since most processes 


already include form of 
trol 


erve to 


ome con- 


equipment, these controls 
limit the 


tion at any 


kwh consump 


one time to that re 


quired without penalty 
Infrared Heating 


Industrial heating 


employing infrared lamp 


applications 
take ad- 
vantage of the high percentage of 
infrared 
their 


temperature 


radiation emitted despite 
relatively low operating 
Installations 


infrared 


consist 
of one or lamp- 


holders 


or strips 


more 


wired in sections, panels 
to direct 
the lamps 


onto the surface to be heated. Since 


arranged so a 
the radiant output of 
lampholders will be subject to high 


temperatures at close spacing for 
long periods of time, a good grade, 
shell 
specified for the screw- 
300 vatts or less 
lamps having the 


ially 


branch circuit u 


one-piece porcelain 


should be 


lamp of 


type 


UASe ° 
medium 
connected 


Laryer 
bipost base are u 
to the ing braided 
vire welded to the base po 

and control 


Where con 
interlocked cir 


Standard switching 
equipment may be used 
are used, 


should he 


nect lamps when conveyor 


vevors 
cuits provided to discon 
stops to 


avoid extreme concentratio! 


Lamps rated at 115 volts may be 

ed on higher-voltage circuits by 
connecting several in series to make 
Lamps are 
in the 100- 
to permit 
will add 


circuit 


up the circuit voltage 


rated at several voltages 
130-volt 


range selection 


of voltages which ip close 


to the actual voltage and 


thus 


at tnelr 


permit operation of the lamps 
maximum efficiency. Where 
ised, the lamp- 
for the cir- 


eries operation 1s 
holders must be rated 
cuit voltage, not the lamp voltage 
National Electrical Code 
237 

Although serie 
in lower 
costs, the 
heat from 
burnout and the 


Section 


operation results 


wiring and equipment 
inconvenience of loss of 
several lamps for each 
subsequent search- 
ing for the faulty lamp may make 
115-volt cir 


the use of 


uits (provided through 
transformers, if 


Maximum 


neces 


sary) desirable. rating 
of branch circuits feeding infrared 
lamp sections is 50 
2126c, 4242). 

These 


ply also to 


amps He 
wiring requirements ap 
tubular quartz lamps, 
except that all connections are made 
circuits by splicing to 
lamp leads. Lamp wattages 
vary directly with length of fila- 
ment and consequently with oper- 
ating voltage. The 500-watt lamp 
operates on 115-125 volts, the 1000 
vatt on 230-450 the 2500- 
160-500 volts, and the 
5000-watt on 920-1000 volts. 


to branch 
end 


volts, 
vatt on 


Induction and Dielectric Heating 


Induction heating equipment 


ses an alternating magnetic flux 
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FEEDRAIL’ Trolley Busways 


With its steel enclosed power buses and free moving trolleys, FEEDRAIL 
gives you mobile electric power outlets anywhere along its length. 

Superior to ordinary wiring methods, it provides a dependable power 
source for both stationary and moving equipment. Thus its uses in industry 
are myriad from powering hoists and cranes to supplying current for port 
able electric tools; from the electrification of moving test lines to providing 
the power and control circuits on machine tools 

Surprisingly quick and easy to install, FEEDRAIL can be readily extended, 
modified or relocated. Its unit construction permits you to make a complete 
installation in a new or a going plant, or to modernize an individual pro- 


duction area at a time 


GET THE INTERESTING DETAILS — 
Write today for the descriptive bulletin. Address Dept. C-5. 


500 amperes. 
G 


5.1 


ELEpRAI” | FEEDRAIL CORPORATION 


————<* 





1275 BARCLAY STREET «§ NEW YORK 7. NY 
srpaecriaity Quatiritea wer mestntrarives ‘s wminciPrpasr criveigs 
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INDUCTION HEATING depend ipon the formation of an alternating magnetic f 


f ‘ 


irrents within an electrically conductive material, or ‘charge 





Recti- 
fier 





a 7 


Line vo/rage Migh-volfage 











DIELECTRIC HEATING wuss nm ac rad 


iterials placed between two conductin« 


induce eddy current vithin the 
mass to be heated. Frequencies of 
from 60 to several megacycles are 
ised, depending upon economic 
factors of the generating source 
and the nature and configuration 
of the heated material. Apparatus 
used to produce the desired fre 
quency includes rotating machines 
usually a high-cycle§ generator 
driven by a 60-cycle motor), park 


yap apparatus, and electric oscil- 


lator 
The mass to be heated (charge) 
requires no terminal to be econ- 


nected to it, but it must be an elec 
trically conductive material. A coil 
iround the charge is essentially a 
transformer primary, the induced 
current in the charge representing 
a short-circuited secondary and the 
heat absorbed by the charge the 
output 

Production layout and space 
limitations dictate the location of 
the power-generating equipment, 
Which is often isolated from the 
heating apparatus (load appli 
cator) Thi introduces special 
problems of transmission of the 
current from the generator to the 
applicator, since conductor react 
ance at high frequencies become a 
major consideration Both insu 
lated and uninsulated conductors 
are used, depending upon conditions 
under which the installation is to 
he made, the costs of installing the 
conductors, and the cost of the re 
quired power-factor-correcting ca 
pacitors. Bare conductors are usu- 
ally hollow, of round or square 


cross-section Insulated coaxial 
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Electrodes 
Oscil- Charge 


lator (non 
conductive) 


High vo/fage 


franstormed ft 9¢ 18 Converted Oc 1s converted fi 


high-vo/lfagea fohigh-voltagedc high-frequency a 








frequency current to heat nor nductin 


urface 


conductors are often used becaus« 
of ease of installation; however, 
their current-carrying capacity i 
lower than equivalent sized bare 
conductors. Since transmission of 
the generator output to the load ap- 
plicator has such a direct bearing 
on proper operation of the equip 
ment, details on conductor types 
and sizes to be used will invariably 
be specified by the equipment manu 
facturer 

Dielectric heating is used for 
non-conducting materials. Heating 
is accomplished by placing the ma 
terial between two conducting sur- 
faces carrying an ac_ radio-fre 
quency current, the entire set-up 
resembling in its operation a large 
capacitor. Electronic equipment is 
used to produce the radio-frequency 
currents required for operation. 

Unlike induction heating ap- 
paratus, the high frequency gener- 
ating source is not remotely lo 
cated; hence conventional power 
feeders are used to supply the 
equipment. Special controls and 
safeguards required are built in or 
upplied by the manufacturer 

Code Article 665 contains miscel- 
laneous provisions governing sup- 
ply conductors, protection, control 
and grounding of induction and di 
electric heating equipment 


Derating of Circuits 


Whereas some specific industrial 
heating installations are such as 
to make it impossible to operate all 
equipment simultaneously, accurate 
diversity information on the heat 
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ing load supplied is frequently un- 
available. Where such is the case, 
branch circuits feeding heating 
equipment are assumed to be carry- 
ing a continuous load, and, to com- 
pensate for the expected increase 
in heating effect, the total load must 
not exceed 80% of the circuit rat- 
ing (Sec. 2125b). 

Feeder loads are computed as 
100% of the total connected load 
on all branch circuits served by the 
feeder. If, however, an accurate 
determination can be made of in- 
termittent operation of the heating 
load which shows that only a defi 
nite portion of the load is energized 
at one time, the code-enforcing 
authority may permit feeder con- 
ductors to be of a capacity less than 
100% (Sec. 2203h From a design 
standpoint, the 100% figure should 
be specified unless definite diversi 
fied operation makes such a pro- 
cedure clearly economically  un- 
feasible. 

The build-up of ambient heat 
within the raceway is also aggra 
vated by increasing the number of 
conductors in the raceway. Thus, 
where four or more current-carry- 
ing conductors occupy the same 
raceway, both factors contribute to 
normal operation, and an additional 
derating factor must be applied in 
accordance with Notes 4 and 5 of 
Table 1 of the code. 

For example, assume that two 
5-kw, single-phase, 240-volt indus- 
trial forced-convection type heating 
units each drawing 21 amps are 
wired using a common conduit for 
part of the run from the controllers 
to the units. Assume also that ex 
cessive voltage drop is not involved. 
Since there will be four current- 
carrying conductors in this section 
of the conduit and since a continu 
ous load must be assumed, the 
branch circuit conductor size re- 
quired to each unit would be No. 8 
(assume Type RH), which may be 
loaded under these conditions to 
only 45 x 0.8 0.8 or 28.8 amps 
No. 10 RH, which would be suffi- 
cient for each unit if used in sepa- 
rate conduit runs, must be derated 
to 30 x 0.8 0.8 or 19.2 amps for 
use in the common conduit. 

It is also pertinent to note that 
branch circuit fuses must be chosen 
in accordance with the conductor 
allowable current-carrying capacity 
and the rating of the appliance 
Sec. 2122). While the circuits of 
the above example would be fused 
on the basis of the motor starting 
current, a natural convection heater 
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FEDERAL PACIFIC ELECTRIC 


COMPANY 
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Get your Job done faster 


Backing up the stocks carried by your AUTHORIZED 
GENERAL CABLE DISTRIBUTOR are large stocks at a nearby 
GENERAL CABLE Distributing Center. 


The result... everything you need is readily and 
quickly available. Specify General Cable. 
All these 
stocks in 


light traffic 
locations for 


29 “GENERAL” 
Distributing 
Centers 


Coast-to-Coast. fast delivery. 


oo 
General Gable e+. at your service! 


4 


GENERAL CABLE CORPORATION, 420 Lexington Avenue, New York 17, N.Y. Offices and Distribution Centers Coast-to-Coast 
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ALLOWABLE sai ores LOADS, COPPER CONDUCTORS — 
Derated for Heating Circuits** 











. 80%; continuous 
load 


A. 100%; 30C | x 
if 
| 














80%; 4106 | 
conductors 


70%;7to9 


conductors 


























82%, ; interior 
walls; 40C 


. 58%; ce 
50C 



































| Types Allowable Maximum Loads (amperes) * 


} 14 | 10 9.6| 84| 12.3] 87| 98] 69| 78] 68] 5.5] 4.8 
| 14 12.8 11.2| 16.41 11.6] 13.1] 9.2] 10.4] 9.1] 7.4] 6.4 
Type RH 10 | 24] 24] 2) 19.2] 16.8] 24.6] 17.4] 19.6] 13.9] 15.7] 13.7}11.11 9.7 
| 31 | 28.8] 25.2| 36.9] 26.1] 29.5] 20.8] 23.6] 20.6/16.7/14.6 

Type RH-RW | F 
ages 45.5| 41.6| 36.4| 53.3| 37.7] 42.6| 30.1| 34.0] 29.8/24.1]21.1 
locations 4 | 59.5] 54.4] 47 69.7| 49.3| 55.7) 39.4| 44.6| 39.0131.5| 27.6 
70.0) 64.0) 56.0| 82.0] 58,0) 65.6| 46.4| 52.4| 45.9|37.1| 32.4 
73 6| 64.4) 94.3) 66.7| 75.4| 53.3] 60.3] 52.8|42.6| 37.3 


91.0) @3.2| 72.8|106.6| 75.4| 85.2} 60.3] 68.2] 59.6|48.2) 42,2 











Type RHW 





20 | 105.0| 96.0) 84.0/123.0| 87.0| 98.4| 69.6] 78.7| 68.8|55.6| 48.7 

00}175|140/140 | 122.5 1112.0] 98.0/143.5|101.5|114.8| 81.2] 91.8] 80.3 164.9 | 56.8 

000 | 20 1160 | 140.0 |128.0)112.0|164 16.0 131 2| 92.8 104.9 | 91.8|74.2|64.9 

0000 |230/184/184 | 161 0 |147.2| 128.8|188 33.4 |150.8 |106.7 |120.7 |105.6 |85.3|74.7 

Type R 14 12 10 5 | 
12| 2 16| 14.0 
10} z 24| 21.0 
Type RU 8 | 32/ 32] 28.0 











9.6| 8.4] 12 87| 98] 69| 7.8| 6.8| 5.5| 4.8 


banat EF Pea 16.4 11.6] 13.1] 9.2] 10.4 9.1) 7.4) 6.4 
19.2 16 2 17.4 19.6 | 13.01 VS i Varitek Ger 
25.6| 22. 33 23.2 26.2} 18.5] 20.9 18.3/}14.8112.9 


| 


Type RW 
| 


| | 
36.0| 25.5| 28.8| 25.2}20.4/17.8 
sh he 56} 56| 49 | 44,.8| 39.2| ! 4| 40 45.9| 32.4} 36.7) 32.1|25.9| 22.7 
ol 3] 80) 64) 64) 56.0) 51.2) 4. 5.6| 46.4) 52.4| 37.1] 41.9| 36.7/29.6] 25.9 
P| 95) 76) 76 66.5| 60.8] 5: : oe 62.3 | 44.0} 49.8 43.6 |35.2 30.8 
Type RH-RW 110| 88] 88| 77.0| 70.4| 63.8| 72.1 | 51.0| 57.7 50.5 |40.8 35.7 


| 
in wet | | 








Type RUW 44 38.5| 35.2 3g] ; 31 
(Sizes 14 


|125|}100|100 | 87.5] 80.0} 70.0|102 72.5| 82.0| 58.0] 65.6| 57.4|46.4| 40.6 
00 145/116} 116 | 101.5) 92.8) 81.2|118.9] 84.1 | 95.1] 67.2| 76.0] 66.5|53.8) 47.0 
000/165}132|132|115.5]105.6] 92.4|135.3] 95.7|108.2| 76.5| 86.5] 75.7|61.2| 53.5 
TypeTW | 0000|195|156 156 | 135 5|124 8| 109.2 159.9113 1 |127.9 90.4 [102.2 89 5|72 3} 63.3 


locations 0 


Type T 























*Fractions of an ampere beyond the first decimal place have been dropped 
**Key to Derating Factors (References are to National Electrical Code, 1953) 
Normal, not more than 3 conductors in raceway or cable or direct burial, room temperature 30C (Table 1, 
Chapter X.) 
Derated to 80% for loads continuing for long periods (Art. 2125b) 
Derated to 80% for 4 to 6 conductors in raceway or cable (Note 4, Table 1, Chapter X) 
Derated to 70% for 7 to 9 conductors in raceway or cable (Note 4, Table 1, Chapter X) 
Derated to 82% for installation in interior walls containing heating equipment; temperature 40C (Art, 4279b). 
Derated to 58% for installation above ceilings containing heating equipment where conductors are installed 
within thermal insulation or within joist space containing no thermal insulation; temperature 50C (Art. 
4278a and c) 
How to Use Table: Locate vertical column at top of page in which applicable derating factors have been checked. 
Read allowable loads in that column opposite the appropriate wire type and size 
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imilar 

50-amp 
based on 150 21l-amp 
rating 


W here all ot 
ni oft ne 


installa 


equipment are 


ceiling 
ating 
nude additional | inv of elr 
iit conductor may be necessary 
1278 and 4279 
provision To! 
within the 


the proxim 


provided b 4 


{ 


Ihese articl make 


the added ambient heat 
alls or ceiling due to 
ty of the heating equipment. In 


vyeneral, vhere conducto) 


talled 


AvDOVe an min 


are in 
ulation or 
heated ceil 
of 50C 


ith a consequent 


within ceiling in 
ilated 
inv, an ambient temperature 
must be a imed 
derating of accordance 
factor of 
Cond ictor 
vall 
iming 406 

lor 
ductor 
nave 
vith these 


and 


capacity in 
vith correction 
fable 1 


interior 


code 
heated 
derated as 


vithin 
must be 


ambient temperature 


convenience, normal con 


current-carrying capacitie 


been 


reduced in accordance 


variou requirements 


maximum loadings are pre 


table 


imum Load, Copper 


I 


sented in the 
“Allowable May 
( onductor 

It j 


conductor to a he 


accompanying 


conceivable that the 


ater load for a 


tnen, 


yiven application may be subject 


to three derating for continuou 
nduit fill, on 


proximity of the heat-pro 


load, for reasons of « 
due to 
ducing device Ne 1O R 
ductor might thus be 
allowable load of onl 0) 

0.58 or 9.7 


con 
reduced to an 
0.8 ().7 
amp 
In general, each individual case 
of this 


the standpoint of ec 


type must be analyzed from 
nduit cost Vs 
allability of 


for conduit run 


conductor cost it 

pace required 
locations of heate 
et Installation 


o avoid the extreme 


and controllers, 

hould be planned 
derating of 
onductor 


Voltage Drop 


a 2202 require 
ductors to be such that 
ip to the final di 
for the 


computed heating 
iM not 


feeder con 
voltage drop 
tribution point 
load 
However, 
effect of 


istance varie a 


will 
more than 3 
current 
the 


the current aS re 


ince the heating 
through a re 


quart 


duction from rated voltage results 


t considerable reduction in 


heater output from rated condi 

Efforts should be 
the drop below 2 not to 
the final point, but to 


the actual utilization device 


tions made to 
Kee p 


distribution 


ime, fo. that a 10- 
kw, 230-volt, single-phase unit 
heater rated at 43.5 amps is wired 
‘9 that the actual] voltage at the 
heater is 223 volts, an overall drop 
f 3%. Power output under these 
onditions would be 9400 
vatts, a loss of 600 watts 

Unlike heating with fuels, elec- 
ric heating design does not provide 
for a large safety factor in equip- 
Each time the 
energized, unless special 
incorporated, the 
heater capacity is put into 
ise. If the capacity is greatly in 
excess of that actually needed, un- 
necessarily high current demand 
subsequently high demand 
Therefore large 
in capacity due to high volt- 
age drop which are not otherwise 
provided for may result in an un- 
dersized installation which may not 


example, 


about 


{ 


ment capacity. 
heater is 
controls are 


entire 


and 
charges result. 


losses 


do the job assigned, 

Where are 
necessary and expected in advance, 
additional capacity must be _ in- 
stalled to make up the and 
bring the actual watts up to those 
required by heat loss calculations. 
The formula 
the procedure to be used in arriving 


such voltage drops 


loss 


following indicates 
at the total installed watts required 
the 


available at 


actual 
the 
than rated voltage: 


+ calculated watts 
watts 
heat loss 


rated voltage 
actual voltage 


vhere voltage to be 


heater is other 


kor the example above, the in- 


talled 
221 
22: 


ate for the 3° 


watts should be 10,000 


Jor 10.65 kw to compen- 


voltage drop. Since 
in capacity in a 
given confined area may be imprac- 
tical due to type of equipment used 
or ratings available, maximum at- 
tention should be given in the de- 
stage to developing a feeder 
branch circuit distribution 
which will minimize 
due to voltage drop 


uch an increase 


sign 
and 
plan 
losse 


power 


Combined Loads 
Normally a heating or air con- 
ditioning circuit should not be de- 
signed to also feed a lighting load. 
However, there may be occasions, 
such as the feeding of a single 
small unit heater in a factory gate 
house, where it may be expedient 
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ty pick ip the 

load on one of the lighting circuit 
Such a practice i 
the code. 


or necessary 
recognized by 


A portable heate 
a motor may be 
less than 20 
uch a circuit (Se 


incorporating 
rated at any value 
0.8 or 16 amps or 
2125a). If it 
there would 
the 
lighting load, and it thus would not 
be a combined circuit. 


vere rated at 16 amps, 
be no capacity available for 
Howeve r, a 
heate} 
2126a) 


lighting 


single motorless 
may draw 16 
leaving 4 amps for 
other smaller appliances 

Fixed heaters 
tioners may draw no 
20 &« O65 or 10 
with 


portable 
amps (Sec 
and 
and air condi 
more than 
amps on a circult 


combined lighting loads o1 


portable appliances (Sec. 2126a and 
1293). Sec. 4293, by 
conditioning loads to 50° of the 
thus ¢ ab 
lishes air conditioners a fixed 
appliances. both air condi- 
tioning and heating loads are 
sidered continuous 
of Sec. 2125b, 
used must be derated to 80‘ 

In view of the 
posed and the minimum nature of 


restricting all 
rating of such circuits, 


Since 
con 
under the intent 
circuit conductor 


restriction im- 
the combined loads permitted, such 
an arrangement is makeshift at 
best. should 
individual circuits for 


Good design provide 
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air conditionet 


Hermetic Motors 
A hermetic motor is one used to 


drive a refrigerator or air condi 
tioning compressor, both of which 
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shaft o1 


same housing 
shaft 
operating in the 


are enclosed in 
without external 
seals, the 
refrigerant Such 
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they tem 
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somew hat cooler 
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Cash in 
on this 


new concept 


... controlled light! 


All over the country ...in yourown your wiring according to specifica- 
area... the big switch is on! tions. 2... Attach the box to either 


Thc Macadeetreee“hemactbiie studding or horizontal supports. (It 


lighting... to all-level LUXTROI Light 
Control. Yes, that’s right! Any level 
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SVERY LEVEL perfect level of light for every occasion Ox... and put on the face plate 


comes with mounting ears on all four 
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upproved by Underwriter Labora 
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; ; Ux : ) a 3 
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? LUXTROL demonstration. And, mean 


tant methods of lighting: incandescent, 


+ ll 


FROM DARK 


aaa abl 
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LUXTROL | ight Control 


A product of The Superior lectric Company 


L COSCO HOHOHSHSSOHHSHHSOSHHHHSHHHOHSHOOHSSHSHOSCHSSCHSEOOSCSO 
The Superior Electric Company 
14056 Demers Avenue, Bristol, Conn 


Please send me full de 


oe Luxtrot Light Cont 
* Name 


Street 
4 City Jom Stat 
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Smithenaft EYE-O. two -iignt 






all-steel; louvered. 





Smithenaft FEDERAL two ign 


all-steel or plastic-sided, louvered 





Smithenaft’ MERCURY 


two-, three-, or four-light, 
all-steel, louvered 










Smithenaft SHERATON 


two- or four-light plastic 
sided, louvered 


ow 


mithenaft CHALKBOARDER 


designed for chalkboards, butietin boards, etc 





It's one thing to design 

fluorescent fixtures for maximum lighting 
efficiency and appearance It's another to 
design them so they can be installed quickly 
elas Muleliiielil te Mts hameiuillila ashi miler) 
successfully combined these benefits in the 
same lighting units, with the result that your 
Smithcraft school lighting jobs are truly 

oT folate liars) and properly profitable! You 
can depend on Smithcraft for the features 
that save you and your customers 


time and money! ; 


ito 
- 


SMITHCRAFT MEETS THE 
6 


Smithenaft- 


LIGHTING DIVISION 


ECONOMY CHELSEA S50, MASSACHUSETIS 
EFFICIENCY 
EASE OF INSTALLATION 
EASE OF MAINTENANCE 
APPEARANCE 

SAFETY 
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Motor Horsepower 
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rule-of-thumb 
ton of refrig 


eCTious errors. 
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capabilitie cannot 


Ace defined in 
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above table “Cooling 
Motor Horsepower” 


difference 
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Similarly 
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ELECTRICAL 


the use of Tables 22 through 24 of 
code’ for 
for the 
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not apply. 
Following are circuit and equip- 
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motors as specified by the code: 
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alues determination 
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circuat current-carrying 
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(Sec. 4312 and 4309b) 
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fection 18 
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motor 
size, 
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etc 
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since hermetic motors are not, 
the controller size must be selected 
m the of both the motor 
nameplate full-load current and the 
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horsepowe1 ) 
Tables 22, 


po ite the motor 
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For use in selecting controller and disconnect 


for 


hermetic 


motors 


Maximum Interrupting Capacity (amperes) 





Single Phase 
115V 230V 


110V 


Two or Three Phase 


220V 440V 550V 





44.4 

61.2 

78 
110.4 
144 
204 


ane 
30.6 
39 
55.2 
72 
102 


24 
33 
42 
60 
78 


12 6 
6 16 8.4 
21 10.8 
30 15 
39 19.8 
54 27 


4.8 

6.6 

8.4 
12 
15.6 
24 





336 
480 
600 


168 
240 
300 


90 
132 
162 
240 
312 


36 
54 
66 
96 
126 





384 
468 
624 
750 
900 


156 
186 
246 
300 
350 











1110 
1476 
1860 
2160 
2880 
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400W MERCURY VAPOR LAMP LIFE TEST INSTALLATION: This photograph mounted in a pendant-type, high-bay installation. Ryerson indus 
taken in a steel se ¢ hop of Joseph T. Ryerson & Son Inc trial engineers checked this installation continuously to record 
hows Sola Const Wattage Mercury Vapor Lamp Transformers increased lamp life arising from constant wattage ballast regulation 


Mercury Vapor Lamp Life Increased 50% 
with Sola Constant Wattage Transformers 
in Ryerson Test Installation 


Getting the most mercury vapor 1. Constant light output within +2% 
lighting for your dollar demands con regardless of line voltage variations 
OLOo 


ideration of factors other than lamp as great as 20 
and transformer cost. Quality of illumi 2. Lamps stay lit, even when line volt 


nation, long lamp life, and system age drops as much as 40v (on 1100 


reliability are essential for maximum line} 
efficiency and economy in mercury 3. Positive starting 
vapor lighting system Elimination of primary tap: 


The pilot Sola-ballasted, mercury Negligible starting current surge 
vapor lighting installation of Joseph T. }. Protection on both open and short 
Ryerson & Son Inc. shows the following curcuit 

advantages of regulated mercury vapor Extended lamp life 


lamp operation: Increased lamp life More ballasts can be installed on 
constant lumen output (often in the each circuit 


face of line voltage variations as great hese premium performance units are COMPUTING LAMP LIFE: Here a Ryerson 
as 252 reliability, and reduced sy also available in a sealed housing for industrial enginees ds a 

tem maintenance costs. Specifically, the outdoor, weatherproof, commercial or eur register used to establish lamp 
life o ‘ ove installation. Lamp 
life 1 ited at 6.000 hour At the 
when your mercury vapor lamp ticularly suitable for gasoline stations, onclusion of the test 10,000 hours 


following eight features can be your industrial applications. They are par 


operate from Sola Constant Wattage plant protection, store fronts and 90% of the Sola-ballasted lamps 


Mercury Vapor Lamp Transformers parking lots. 


were still operating This | + lamp 


life exten of oO 


Write for Bulletin! 7€-MV-211 for Indoor Application data 
and Bulletin 17E-MV-219 for Outdoor Application data 


S O LL AA Mcury Vapor Lamp mt 08 kak’ ae 


Outdoor indoor Indoor 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrica! Equipment © LIGHTING TRANSFORMERS for All Types of Fluorescent 
and Mercury Vapor Lamps. © SOLA ELECTRIC CO., 4633 West 16th Street, Chicege 50, Iinois, Bishop 2-1414 © NEW YORK 35; 103 £ 
125th St., TRofalgor 6-6464 © PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4968 © BOSTON: 272 Centre Street, Newton 58, Mass, 
Bigelow 4.3354 ® CLEVELAND 15: 1836 Euclid Ave., PRospect 1.6400 © KANSAS CITY 2, MO.; 406 W. 34th St., Jeflerson 4382 © LOS ANGELES 23, 
3138 E. Olynigiile Bivd., ANgelus 9-9431 © TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 





» a 240 2 
OF XDUCT CONDUIT'S 
SLICK ALUMINUM 


ENAMEL INSIDE COATING 


Xduct Conduit’s baked-on aluminum enamel interior 
coating makes fishing and pulling of wires easier . . . by 
minimizing friction between conduit wall and wires. 

Besides a smooth inside surface, Xduct’s accurately 
cut threads are machined before galvanizing to assure 
complete protection from end to end. Every hill and 
valley of threads is completely galvanized. 

In addition, Xduct provides easy bending because of 
its uniform high-ductile steel . assures easy cutting, 
easy threading, and permits bending without flattening. 
This, plus the positive adherence of the electroplated 


zinc coating means easier, safer fabrication right on 


@siesive 


the job. 
Write today for your free copy of the Xduct facts 


TYNOILVUN 


booklet . . . it shows how these conduits give you easier 
fishing, superior bending, and complete end-to-end cor- 


we laler 


rosion protection. 


G @¥o> ssrnaoed 


3131313 


For Dependable Pathways of Power 


Giest.S 9F8 see sO" Gas 


National Electric Products 


PITTSBURGH, PA 
3 Plants * 10 Warehouses * 36 Sales Offices 





NATIONAL 


CLECTONE PRHOON 








A__YOINNE Lnax 
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Estimating Help You Can Rely On — 





ATTENTION: NON-SUBSCRIBERS 


*If you are already a subscriber, this 
is not a renewal notice. Please pass 
this card along to some other Elec- 
trical Contractor or Industrial Chief 
Electrician, whom you feel would 
profit by reading and using this 
monthly estimating, wiring, installa- 
tion and maintenance help! 


*Thirteen Valuable Issues Each Year 


ELECTRICAL CONTRACTORS: Worried about where to get new 
business? Want more profitable electrical jobs? Looking for ways to 
estimate wiring and installation jobs more closely? 


Then put ELECTRICAL CONSTRUCTION and MAINTENANCE 
to work for you! Each month you'll read what other electrical con- 
trectors are doing to increase their profits with better estimating 
and wiring methods .. . and how you can apply these money-making 
ideas to your business! 


You get such down-to-earth help as — 


* How to figure added costs of wiring jobs dragging past 
contract time. 

* How to analyze your overhead to cut costs. 

© How to quickly take-off material requirements. 
What !4 factors besides labor and material affect your 
job costs. 


Whether 
ever 32,500 other electrical men have, 
MAINTENANCE for help on how to do 
maintenance of less costl 


Start ELECTRICAL 


and mail the card below! 


SUBSCRIBE NOW! 


ov ere an electrical contractor A industrial plant chief electricion, 


CONSTRUCTION and MAINTENANCE working for you today! 


INDUSTRIAL CHIEF ELECTRICIANS: Are you looking for ways to 
cut plant electrical costs? Would you like practical ideas for pre- 
venting service breakdowns? 


Can you use time-saving shortcuts for plant electrical maintenance ?— 
More accurate electrical estimating?—Save time on your electrical 
motor repair? 


You get all these and more in the 12 other issues of ELECTRI. 
CAL CONSTRUCTION and MAINTENANCE! For example you can 
cash-in on money-saving methods like these: 


© How to figure incidental labor and direct job costs. . . 

© How to select industrial controls . . . 

* How to get better results from motors, transformers and 
eonerators ... 

* Plus dozens of practical electrical shortcuts to slash your 
costs! 


ou'll find, just as 


con rely on ELECTRICAL COMSTRUCTIO and 
otter clectrs 


ical estimating, wiring, installation and 


To enter your personal subscription just complete 


Electrical Construction and Maintenance — May — 1956 


YES, SIR! 


and maintenance methods! 


| want to know the latest electrical estimating, wiring 
Enter my subscription to ELECTRICAL 
CONSTRUCTION and MAINTENANCE for a full year's service 
(13 helpful issues) for only $3. 


| Check here for two years only $4 


Name 


Title or 
Position 


Home [) 
Address Company [] 
City 


State 


Company Name 


Nature of 
Business 


Please do not 
Person in charge write in this 
of electrical work is box. 


| am in charge of electrical work [) Yes C) Ne 


Operate a motor repair shop? 
[) Yes No [) 


SEND NO MONEY NOW 








Mail card today—We'll bill you later. 


YES, SIR! | want to know the latest electrical estimating, wiring 
and maintenance methods! Enter my subscription to ELECTRICAL 
CONSTRUCTION and MAINTENANCE for a full year's service 
(13 helpful issues) for only $3. 


[] Check here for two years only $4 


Name 


Title or 
Position 


Home [] 
Address Company (_] 
City 


State 


Compeny Name 


Nature of 
Business 


| am in charge of electrical work [] You [] Ne 


Plesse do aot 
Person in charge write in this 
of electrical work is box. 


Operate « motor repair thop? 


[) Yes Wo [) 


SEND NO MONEY NOW 








Mall card today—We'll bill you later. 





Estimating Help You Can Rely On — 


If you are an electrical contractor, landing a wiring or installation job is one thing — but completing it 
at a profit is another. If you bid too high, you don't get the job—bid too low and you get 
the job but lose your shirt in the bargain! 


lf you are an industrial plant chief electrician, you're faced with many of the same electrical esti- 
mating problems as the contractor in order to submit an accurate budget to your boss... . 
and check on your costs. 


. . » So why take unnecessary chances when you can get your own personal copy of ELECTRICAL 
CONSTRUCTION and MAINTENANCE each month... and have sure-fire, step-by-step electrical 
estimating and wiring help at your finger-tips! 


ELECTRICAL CONSTRUCTION AND MAINTENANCE is written for active, hard-hitting men like 
you. It brings you the actual experiences of electrical men who are beating the problems of wiring, 
estimating, code interpretation, lighting layout, maintenance and motor repair. 


NOW — 13 issues each Year! 
As part of the regular subscription service, ELECTRICAL CONSTRUCTION and MAIN- 
TENANCE now publishes in Mid-September the big NEW “ELECTRICAL PRODUCTS 
GUIDE" issue. The "EPG" is your year ‘round guide to “who-makes-what" and “where- 
to-buy” product information. It's the only complete . . . and completely verified . . . 
reference on electrical apparatus and supplies, utilization equipment, tools and accessories! 


“Questions on the Code” cach month... 


A special feature of ELECTRICAL CONSTRUCTION and MAINTENANCE each month is 
the “Questions on the National Electrical Code”, Here new requirements are explained 
and analyzed. You're shown how to comply with every specification yet keep your costs 
and working time to a minimum. Whether you're an electrical contractor, or chief electri- 
cian of a » Be this code information alone is worth more than the subscription price! 


Send no money now—we'll bill you ‘ater 


Just complete and mail the subscription card below. We'll send a statement later for the small subscription fee—only 
$3 for a full year's service (13 big, helpful issues), or $4 for two years. 


ENTER YOUR SUBSCRIPTION TODAY! 
Electrical Construction and Maintenance May °* 
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CABINETS AND PULL BOXES 


FOR BETTER JOBS AND EXTRA PROFPITS, SPECIFY THE 


KEYSTONE QUALITY LINE 


‘ No doubt about it! When it comes to wiring installation jobs, you can 
get what you want when you want it from the Keystone Quality Line 
Ai Wireways, for example, are available in both flanged and flangeless 
© styles with hinged or screw covers . with or without knockouts 
; and in sizes ranging from 2%” x 24%" x I’ through &” x 8” x 5 
fia There's a wide selection of auxiliary fittings to choose from, too, plus 
a | ‘ “_ cutout boxes and pull boxes in more than 50 different stock sizes 


: and a variety of telephone and current transformer cabinets to meet your 
OuT.et BORES . 
exact requirements. And if it’s outlet boxes or switch boxes you're look 


“4 ing for, you'll find that Keystone has them . in almost every type and 
a) fay iM fife size, with proper covers, too. What’s more, every item in the Keystone 
’ Line is quality-built, priced right, and stocked for immediate shipment 
= direct from factory warehouses! Want more information? Send for your 
ey C ) iq fd free copy of the new illustrated Keystone catalog today! 
. : 


it pays a MANUFACTURING COMPANY 


to figure 


233278 SHERWOOD AVENUE @ CENTER LUNE (Detrott) MICHIGAN 
on Keystone 


SOLD ONLY THROUGH. RECOGNIZED ELECTRICAL DISTRIBUTORS 
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UNIT SUBSTATIONS—primary 
and secondary, indoor and out 
foor construction—in all standard 
ratings, dry, askarel or oil 
LOW VOLTAGE SWITCHGEAR transformers 
through 600 v a v a 
100 through 150,000 amp inter 


rupting, 6000 amp ' 


eS 


ISOLATED PHASE BUS through 

138 kv and 10,000 amp 
METAL-CLAD SWITCHGEAR in rat 
ings from 2400 v through 15 kv, 50 
through 500 mva interrupting and 
000 amp continuous 


INDIVIDUAL BREAKERS, a-c and 
d-c, 15,000 through 150,000 amp 
interrupting, 6000 amp continuous 


NONSEGREGATED PHASE BUS 
through 15 kv and 6000 amp 


Economical: an |-T-E Power Package 


An I-T-E Power Package includes the complete power 
handling facilities for a new construction project, build- 
ing addition, o1 kpansion of electrical service one 
unit or a complete system for every application from 
generation to end use. You save in sound planning, 


asier installation, coordinated delivery, and assured 


performance—a better investment in every way 

For more information, contact the I-T-E sales office 
nearest you or write I-T-E Circuit Breaker Company, 
19th & Hamilton Sts., Philadelphia 30, Pa 


1-T-E CIRCUIT BREAKER COMPANY 
Switchgear Division 
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THERMAL OVERCURRENT TRIP 


CURRENT LIMITING DEVICE 
(AMP TRAP) 





INSTANTANEOUS 
OVERCURRENT TRIP 


CROSSOVER POINT 


RMS AMPERES 











TIC CURVE 
PICAL OPERATIONAL CHARACTERIS 
" FOR THE “CORDON” CIRCUIT BREAKER 








HOW IT WORKS: Combining and coordinating 


standard circuit breaker characteristics with specially 
designed current limiting Amp-traps, the “Cordon” cir- 
cuit breaker achieves the characteristics shown above. 

The thermal-magnetic overcurrent devices provide 
coordinated protection against overloads and short cir- 
cuits up to a predetermined value (crossover point). 
At this point the current limiting Amp-traps assume 
the fault-clearing duty and extend short circuit pro- 
tection to 100,000 rms amperes. 

Unless the magnitude of a short circuit reaches the 
crossover point, the Amp-traps are unaffected, and the 
standard circuit breaker overcurrent devices perform 
their normal function. Since the fast clearing time of the 
Amp-trap (less than ' cycle) provides current limiting, 


the magnetic and thermal stresses, which are propor- 
tional to the square of the current, are greatly reduced. 
Consequently, the standard molded case type circuit 
breaker safely withstands the heavy fault current. It is 
unnecessary to design bus-supporting members or cur- 
rent-carrying parts to meet the maximum peak current. 

The Amp-traps are mounted in a molded housing 
which plugs into the load side of the breaker, forming 
one compact unit. A design feature of the ““Cordon’”’ 
circuit breaker actuates a common tripper bar when any 
Amp-trap blows, opening all poles of the circuit breaker. 
Until the blown Amp-trap is replaced the circuit breaker 
cannot be closed. A mechanical linkage arrangement 
automatically opens the circuit breaker before the 
Amp-trap housing is removed. 
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New I-T-E “CORDON” 
Circuit Breaker 


100,000 amp interrupting rating 
in molded case circuit breakers 


Now—one compact circuit breaker provides the 
practical, economical solution to meet con- 
stantly increasing interrupting requirements. 
The new “Cordon” circuit breaker provides all 
of the design and operating advantages of the 
famed I-T-E molded case breaker, plus inter 
rupting ability up to 100,000 rms amperes. 
The “Cordon” circuit breaker can be utilized 


in normal branch and feeder circuit applica- 
tions in switchboards, panelboards, load centers, 
and individual enclosures. Plug-in mounting, 
rear connected studs, or front connected termi- 
nal mounting arrangements are optional. 

“Cordon” circuit breakers are available with 
2 or 3-pole construction in 100, 225, 400 and 600 
ampere frame sizes, 250 v d-c and 600 v a-c. 
Write for complete details or call your nearest 
I-T-E office. I-T-E Circuit Breaker Company, 
Small Air Circuit Breaker Division, 19th & 
Hamilton Sts., Phila. 30, Pa 


The Amp-traps are mounted in a 
molded housing which plugs into the 
load side of the breaker. When any 


Amp-trap blows, : 
breaker are opened. 


Draw-out design feature of Amp-trap housing provides 
accessibility to simplify change of Amp-trap. Amp-trap 
stud design assures proper alignment and positive con 
nection when inserted in the breaker frame 


poles of the 





To replace a blown Amp-trap (indicated by released 
plunger), simply loosen two screws, remove the retain 
ing bar, withdraw the blown unit, insert the new one, 
and replace the retaining bar 


I-T-E CIRCUIT BREAKER COMPANY 


Small Air Circuit Breaker Division 
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I-T-E Secondary Unit Substations 











... designed and built for economy 
in installation and operation 


I-l-k. Secondary Unit Substations bring electric power nearer to where you us¢ 


it—make it more dependable ive you time and mone 


They do it in several way 
bringing higher oltage nearer the 


e By reducing voltage droy iherent i 


ethoren 


waving pace all nece il components are 


cutting delivery and installation time units are assembled 
j 


immediate installation from one source of suppl 


protes g plant personnel ill live parts are isolates 


bk. Secondary Unit Substations can be supplied for any application indoor ot 
outdoor md in an tandard rating For complete information contact oul 


nearest I-I-l iles office, Or write I-T-E Cireuit Breaker Compan IYth & 
Hamilton St Phila. 30, Pa 


I1-T-E CIRCUIT BREAKER COMPANY Switchgear Division 
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Nearly 50 miles of ANHYDROPRENE WD-75 
... pushing more power through less space! 


ANHYDROPRENE WD-75, Simplex’s general- exclusive Simplex compound makes its neoprene 
purpose cable, is now being used in two great jacket extra tough. 
Southern construction projects: Louisiana’s new Specify ANHYDROPRENE WD-75 wherever you 
Belle Chasse and Harvey Tunnels need maximum power. These wires are available in 
Made for 600-volt service, ANHYDROPRENE many colors in most standard sizes. Write for 
WD-75 was chosen because it squeezes through Booklet No. 1018. SIMPLEX WIRE & CABLE CO., 
more amps in less space. Moreover, it can be used 79 Sidney Street, Cambridge 39, Mass. 
in both wet and dry locations — in conduits, under- 
ground ducts or exposed indoors. The WD-75 
rubber insulation resists heat and water. And an 
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INDENTER TYPE 


FITTINGS 
FOR E.M.T. 
Concrete-tight 





Insulated 
Connector 


Installation is simple Ss 
and less expensive. 

Two quick squeezes 

sets them forever. 

Try B-M Indenter 

Fittings and get more 


profits from each job. 


Cross section 


T00L 
0. 


With Federal Specifications W-F-406. yy G A L Vv A a \ L L ' N o ' s 


. ote " 
sites ae 


~~ 
All 8-M indenter 

Fittings ore UL. Approved 

as concrete-tight and for general ; 
use (File Cord £10863). Also comply 
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FITTINGS 


FOR E.M.T. Rain-tight 





Armored Cable BullDog Electric Products Co.9, 221 


BRIEGEL METHOD TOOL CO. 


GALVA «+ ILLINOIS 





American Steel & Wire (Div. of 
U. S. Steel Corp.) eS 
Anaconda Wire & Cable Co. 
224, 
Circle Wire & Cable Corp., 
Subsidiary of Cerro De Pasco 
Corp. 20, 
Clifton Conduit Corp 
Continental Wire Corp 
Crescent Insulated Wire & 
Cable Co. 
Diamond Wire & Cable Co 
General Cable Corp 
General Electric Co. (Construc 
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National Electric Products 
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Essex Wire Corp.) 
Phelps Dodge Copper Prod 
ucts Corp. 
Rockbestos Products Corp 
Roebling’s Sons Corp., John A. 
Rome Cable Corp 48, 
Simplex Wire & Cable Co 
Triangle Conduit & Cable Co., 
Inc 
Western Insulated Wire Co 


Bus, Trolley and Duct Systems 


Adam Electric Co., Frank. .28, 

Aluminum Co. of America 

BuilDog Electric Products Co. 9, 

Electric Service Mfg Co 

Feedrail Corp. 

Graybar Electric Co., Inc 

1-T-E Circuit Breaker Co 
(Switchgear Div.) 203, 

Kaiser Aluminum & Chemical 
Sales, Inc 24, 

Westinghouse Electric Corp 
(Pittsburgh) 56, 


Capacitors 


General Electric Co 

(Apparatus Sales Div.) 

Fourth Cover, 43, 44, 45, 46, 47 
Graybar Electric Co., Inc 66 
Sprague Electric Co 333 


Circuit Breakers 


Adam Electric Co., Frank. .28, 29 
Allis-Chalmers Mfg. Co 15, 266 


Crouse-Hinds Co. 
2, a, we, oe a, oe 
Federal Pacific Electric Co. .. 189 
General Electric Co. 
(Trumbull Components Dept.) 
162, 226 
Graybar Electric Co., Inc. . 
Heinemann Electric Co 147 
1-T-E Circuit Breaker Co. (Small 
Air Circuit Breaker Div.) 204, 205 
Russell & Stoll Co., Inc. : 61 
Wadsworth Electric Mfg. Co., 
Inc., The 334 
Westinghouse Electric Corp. 
(Pittsburgh) . 56, 275 


Conduit, Flexible 


American Brass Co., The 
(American Metal Hose Branch) 
256, 257 
Electri-Flex Co 329 
Graybar Electric Co., Inc 66 


Conduit, Non-Metallic 


Graybar Electric Co., Inc 
Johns-Manville 
Orangeburg Mfg. Co., Inc 


Conduit, Rigid 


Clifton Conduit Corp 247 
General Electric Co. (Construc 

tion Materials Div.) 213, 236, 237 
Graybar Electric Co., Inc 
National Electric Products Corp 
Spang-Chalfant (Div. of The 

National Supply Co.) 
Triangle Conduit & Cable Co., 

Inc. 264 
Youngstown Sheet & Tube Co., 

The 260, 261 


Conduit, Raceway Fittings, Hang- 
ers, Racks and Accessories 


Adalet Mfg. Co., The 323 
Adam Electric Co., Frank. .28, 29 
Appleton Electric Co 2 
Arrolet Corp 279 
Briegel Method Tool Co.. .208, 209 
Chalfant Products Co., Inc 278 
Conduit Pipe Products Co 321 
Cope, Inc., T. J 292 
Crouse-Hinds Co 
33, 344, 35, %, V7, B 
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Porter Co., Inc.) 177 
Electric Tube Products 223 
Gedney Electric Co i. 
Globe Co., The 306 
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New, low-cost way to hang 
a fluorescent fixture .... 


Mult-A-Frame It! 


SAVE TIME, MONEY AND MATE- 
RIALS: MULT-A-FRAME, the new, 
fully-locking Bonderized steel frame 


with baked enamel finish, is ideal 
for supporting fluorescent fixtures. 
Special fittings such as the new race- 
way T-bolt and concrete inserts 


make fluorescent fixture hanging 


quicker and easier than ever before. 


NO WELDING, NO DRILLING, NO 
SCRAP: only tools needed to MULT- 
A-FRAME are a saw and wrench. 
And as needs change, MULT-A- 


FRAME can change, too. It’s com- 
pletely reusable. No waste 


CUTS YOUR LABOR COSTS: no 
skilled labor is required to MULT- 
A-FRAME. You get safe, strong 
fixture suspension quickly while 
keeping on-the-job labor cost to a 
minimum 


FOR COMPLETE INFORMATION: 
send today for your free copy of 


the MULT-A-FRAME 
illustrated brochure, oxa 
“Hold Everything.” 


HOLD EVERYTHING! 


Lo G! 
MULT JLW FRAME 
HEN 


Hanger, standard 
frame and attached 
fivorescent fixture 


MULT-A-FRAME DIVISION 
Ainsworth Manufacturing Corporation 
1471 E. Atwater St., Detroit 7, Mich. 
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Graybar Electric Co., Inc 
Husky Products, Inc. 
Ideal-Simplet Fittings, Inc. 283, 
Keystone Mfg. Co. 
Killark Electric Mfg. Co. 
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O. Z. Electrical Mfg. Co 
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Pyle-National Co., The 
Rawlplug Co., Inc., The 
Russell & Stoll Co., Inc 
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Thiel Tool & Engineering Co., 
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Thomas & Betts Co., The 
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Wagner Malleable Products 
Co. 


Electric Metallic Tubing 


Clifton Conduit Corp. 
General Electric Co. 

(Construction Materials Div.) 

213, 236, 

Graybar Electric Co., Inc 
National Electric Products 

Corp. 
Republic Steel Corp. 

(Steel & Tubes Div.) 58, 59 
Spang-Chalfant (Div. of The 

National Supply Co.) 4] 
Triangle Conduit & Cable Co., 

Inc 264 
Youngstown Sheet & Tube Co., 

The 260, 261 


Fans, Ventilators, Blowers and 
Coolers 


American Blower Corp. 

Berns Mfg. Corp. 

Buffalo Forge Co. 

Graybar Electric Co., Inc. 

Westinghouse Electric Corp. 
(Electric Appliance Div.) 


Fuses 


Bussmann Mfg. Co. (Div. of 
McGraw Electric Co.) 16, 17 

Economy Fuse & Mfg. Co 181 

Graybar Electric Co., Inc 66 


Heating Equipment and Accessories 


Cavalier Corp. 255 
Corning Glass Works 222 
Electromode (Div. of Commer- 

cial Controls Corp.) 293 
Graybar Electric Co., Inc 66 
Wiegand Co., Edwin L. 185 


Instruments, Testing 


Biddle Co., James G. 

Graybar Electric Co., Inc. 

Ideal Industries, Inc. 296, 

Knopp, Inc. 

Pyramid Instrument Corp 

(Amprobe Div.) 

Sticht Co., Inc., Herman H. 
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Demand for Weatherproof 
Devices on Increase 
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Leviton Expands 
Quickwire Series 





ELECTRICAL 


#5219 
Switch rating 
10A — 125V-T; 
5A — 250V. 
Outiet rating 
15A — 126V. 


Your key to economy and dependability 
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U-GROUND 
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—— 
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YOUR BEST JOBS ARE DONE WITH 


LEVITON MANUFACTURING COMPANY + BROOKLYN 22, N.Y. 
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Insulating Materials, Varnishes 


Tapes, etc. 
Accurate Mfg. Co. . .Second Cover 
Graybar Electric Co., Inc 66 
Jenkins Bros ; 154 
Minnesota Mining & Mfg. Co. . 232 
Permacel Tape Corp. 142 


Lighting Equipment and Lamps 
Abolite Lighting (Div. of The 
Jones Metal Products Co 287 
















Advance Transformer Co 161] 
Alkco Mfg. Co. . 277 
American Louver Co 241 
Amplex Corp. 238 
Art Metal Co., The 19 
Rated tes Benjamin Electric Mfg. Co..52, 53 
50 HP 220 volts Certified Ballast Mfgrs. 40 
100 HP 440 volts Champion Lamp Works 287 
Curtis Lighting, Inc 168 
Day-Brite Lighting, Inc 32 
Arc Box Cover Easily Re duPont deNemours & Co., Inc., 
moved To Inspect Contacts E. | 273 
Electro Silv-A-King Corp 307 
Exide Industrial Div.—The Elec- 
Dual Voltage Magnet Coil tric Storage Battery Co. 173 
Garden City Plating & Mfg 
Co 230, 231 





General Electric Co 
Apparatus Sales Div 
Fourth Cover, 43,44,45,46, 47 


All Contacts Are Easy To 
Replace No Wires To 


Remove 



















Lamp Div. 254 

Graybar Electric Co., Inc 65 

Gastacts Ave lashed ta Guth Co. Edwin F., The 149 

Open Position When Re Killark Electric Mfg. Co 227 

set Button Is Operated Litecontrol Corp 26 

Luminous Ceilings, Inc 262 

McGill Mfg. Co 50 

Switchlets Easily Attached McPhilben Mfg. Co 291 

For Additional Circuits Miller Co ’ The 145 
Mult-A-Frame (Div. of Aijns 

worth Mfg. Co.) 210 

Multi Electric Mfg., Inc 311 

Neo-Ray Products, Inc. 329 

Pittsburgh Reflector Co. 321 


COMPACT—STANDARD DESIGN—DUAL PURPOSE Revere Electric Mig. Co 318 


RLM Standards Institute, Inc. 235 

























Years of engineering and field testing are built into the Furnas ee & = Co., Inc. S 

Flectric size 4 magnetic starter. Compare these features; COM- be a ean ng on 

PACT-The new size 4 starter is only slightly larger than the np we yg - 197 

size 3. STANDARDIZED DESIGN—Non-current carrying ele- re ye dae C, 258 

ments such as magnet assembly, arc box, cross arm, mounting plate ied rs id c, Th : 6 

and the like are interchangeable with the size 3. This standard- ‘ie . or +“ - C 

ization has been made without compromising on life because larger ean Div) ae ~ oes 285 

contact and other current carrying parts provide the increased wh. ts . 

capacity. DUAL PURPOSI A ceanacebie dual voltage coils, ng ogg yg ay n 

A single starter stocked with its coil connected for 220 volts can Wiltines Reni Seats Ube 

be quickly and easily reconnected for 440 volts. Coil changing its Mfa. Co g 265 

eliminated and stocking of starters and coils simplified. - Eee 9 

Write for Bulletin 5604, Furnas Electric Company, 1067 McKee Lighting, Outdoor 

Street, Batavia, Illinois Appleton Electric Co. 2 

Art Metal Co., The 19 

= Certified Ballast Mfgrs 40 

An Crouse-Hinds Co. 






33, 34, 35, 3%, 37, 3 


«| » FURNAS ELECTRIC COMPANY Exide Industrial Div.—The Elec 


tric Storage Battery Co. 173 

BATAVIA, ILLINOIS Graybar Electric Co., Inc. 66 
Ideal-Simplet Fittings, Inc. 283, 309 

Killark Electric Mfg. Co 227 
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IN THIS UNDERGROUND FREEZER in an old stone quarry in Kansas City f ice. Because the conduit leads up to the surface through 70 feet of rock 


Kansas, secti f G-E White j are subjected to a constant coating it must withstand attack by moisture condensation and severe soil conditions 


EVEN IN UNDERGROUND FREEZER 


hite resists corrosion 


Whether installed in the new Inland White is demonstrating it uperior cor 
Cold Storage Company, Inc., giant un rosion resistance in actual installations 
derground freezer at minus 5 F, o1 tested The reason for this remarkable pel 
in 1OOC? humidity at 104 F te mperature formance is to be found in the smooth 
G-E White rigid steel conduit proves ductile zine coating on G-E White. It is 
that its corrosion resistance 1s unsul the result of a special metallizing proces 
assed of zine-galvanizing. Metallizing bonds a 
Jefore this entirely new conduit was controlled and non-flaking coating ol 
introduced commercially. it was tested pure zine to the entire exterior surface 
for resistance to nearly every type ot of the conduit—threads and all. The in 
corrosive condition. It was immersed in sic ) protected by a corrosion-resistant 
sulphuric acid for nearly a week, in am organic coating which produces a 
monium hydroxide for more than a smooth, stable surface 
month, and « po ed to salt pray for And there are many more advantau 
1000 hou it 95 F. These and many to G-E White—it bends easier. for « 
more laboratory tests proved the quality ample saws easier, and threads easier 
of the product than old-style conduit. So get the whole 
Today, customers are benefitting from story see your G-k Construction 
these tests and others Underground and Materials distributor or writ Section 
on rooftop in water works and by the (64-518, Construction Materials Divi 
ea, in soil, steam, and smoke in the sion, General Electric Company bridge 
toughest pots you can think of —G-E port ? Connecticut 


SULPHURIC ACID test tys 


of lab tests 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 









A, 


... Don't overlook 3. 
this speedier 


Power Drive 


that takes the work out of 
conduit threading, cutting, reaming... 





=< [Sa 
with wrenchless SPLAT CHULA 


Lots of ready power turns conduit, pipe or rod for your hand threaders, 
cutters, reamers —even up to 12” geared tools with drive shaft. New 
Speed Chuck opens and closes easily, guaranteed to grip tight forward, 


reverse; jaws have replaceable insert teeth for 










longer life. Light, compact, portable — built 
for years of service. Bench, stand and wheel 
stand models. See and try the 400A — at your 


Supply House! 


Ritenio 504 
quick-epening 
threader for power 
drive use —self 
contained dies for 
1” te 2” pipe or 
condvyit. 


The Ridge Tool Company e — Elyria, Ohio, U.S.A. 
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Multi Electric Mfg., Inc. 
Neo-Ray Products, Inc. 
Revere Electric Mfg. Co. 
Russell & Stoll Co., Inc. 
Wheeler Reflector Co 


31] 
329 
318 
61 
55 


Motors, Motor-Driven Apparatus, 


Generators 


Brook Motor Corp. 
Graybar Electric Co., Inc 
Kohler Co 

Onan & Sons, Inc., D. W 


Motor, Generator Parts & 


Accessories 
Graybar Electric Co., Inc 
Helwig Co 
Motor Controls & Apparatus 
Allen-Bradley Co. 233, 
Arrow-Hart & Hegeman Elec 
tric Co., The 216, 


Century Electric Co. 
Clark Controller Co., The 
Crouse-Hinds Co. 
33, 34, 35, 36, 37, 
Cutler-Hammer, Inc. 
Furnas Electric Co. 
General Electric Co 
(Apparatus Sales Div.) 
Fourth Cover, 43, 44, 45, 46, 
Graybar Electric Co., Inc 
Micro Switch (Div. of Minne- 
apolis-Honeywell Regulator 


Co.) 
Nelson Electric Mfg. Co 
Square D Co. Third Cover, 
Westinghouse Electric Corp 
(Pittsburgh) 56, 


Non-Metallic Sheathed Cable 
American Steel & Wire (Div. of 


U. S. Steel Corp.) 12, 
Anaconda Wire & Cable Co 
224, 


Circle Wire & Cable Corp., 
Subsidiary of Cerro de Pasco 
Corp. 20, 

Clifton Conduit Corp 

Continental Wire Corp 

Crescent Insulated Wire & 
Cable Co. 

Diarnond Wire & Cable Co 

General Cable Corp 

General Electric Co 
(Construction Materials Div.) 

213, 236, 

Graybar Electric Co., Inc 

National Electric Products Corp 

Okonite Co., The (Hazard In 
sulated Wire Works Div.) 27, 

Paranite Wire & Cable (Div. of 
Essex Wire Corp.) 

Phelps Dodge Copper Products 
Corp. 

Rockbestos Products Corp 

Roebling’s Sons Corp., John A. 


Rome Cable Corp. 48, 
Triangle Conduit & Cable Co., 
Inc 


Western Insulated Wire Co 
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325 

66 
331 
313 


66 
323 


234 
217 
251 

38 


294 
212 


47 
66 


18 
330 
167 


275 


225 


21 
247 
291 


51 
288 
190 
237 
198 
215 
182 
171 

14 
243 

49 


264 
274 
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points about 
HAZACORD 


... that every cord buyer 
should know 


eal 7 ae 2. what's so special about 
|. what makes Hazacord no P the insulation? 


$0 flexible? ; Bs i 4 ieee bi di ft ai Performite is a tough, 
Dit 4 resilient insulation 


very Hazacord conductor is made of a large that provides an 


wmber of fine-gauge, soft-annealed copper unusually high factor of 


wires, Flexibility is further improved by using a safety against heat 


very short lay-up of the strands. Beyond this, all and moisture. This 


slements of the cord are ‘‘lubricated’”’ to work . a2 insulation consistently 
or slip within the compact cord assembly. “Z % ‘% Pielke ; rates better than ASTM 
ey requirements in all 
tests —sometimes as 


much as 10 times better! 


Gt 


AA 
Ay 


4. how tough is the outer sheath? 


Tough as a truck tire—and for the same reason: mold-curing 
of a properly designed compound. Every foot of the 
specially-compounded Hazaprene ZBF Sheath is cured in a 


hey fill out the constructio rotect the insulation , ; 
sad ee eee ee er metal mold. Result: a protective sheath that’s tough enough to 


rom damage by crushing, and give additional 
ee 4 ’ take just about any kind of treatment in service. 


ongitudinal strength for pulling or suspension. In 3398 
azacord, these fillers completely fill in the area 


between conductors without lessening flexibility. 


Complete information in Bulletin H-451. Hazard Insulated Wire Works, = 
Division of The Okonite Company, Passaic, New Jersey. come 


AZACORD mold-cured PORTABLE CABLES ‘ox 































DUPLEX 
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GROUNDING 
RECEPTACLES 
































S6262WP 









OPENED 














CLOSED 








Listed as Standard by Underwriters’ Laboratories 






































When installation will expose receptacles 
to weather, moisture, acid fumes, etc., 
Arrow-Hart’'s new line of quality duplex 
receptacles will fill the need... up to 20 
types complete with unique weather- 
proof plates. Plate is cast aluminum with 
a spring lift-lid cover. A rubber gasket 
seals the cover when closed; a rubber 
mat under plate makes a weatherproof \ 
seal between box opening and building 

wall. Write for Catalog Data 
















































XT-7580-WP 5290-WP 
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Wiring Device Division 


THE ARROW-HART & HEGEMAN ELECTRIC CO 


103 Hawthorn Street, Hartford 6, Connecticut 
Offices, Sales Engineers and Warehouses in Principal Cities 







: 
O)iuo ily WIRING VICES o MW R CONTROLS » ENCLOSED SWITCHES © APPLIANCE SWITCHE 
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Outdoor Wire, Cable and 


Accessories 
American Steel & Wire (Div. of 
U. S. Steel Corp.) wa. ‘¥2 
Anaconda Wire & Cable 
Co. 224, 225 


Circle Wire & Cable Corp., 
Subsidiary of Cerro de Pasco 


Corp. 20, 21 
Clifton Conduit Corp. 247 
Continental Wire Corp. 291 
Crescent Insulated Wire & 

Ce we es > eas 51 
Diamond Wire & Cable Co. .. 288 
General Cable Corp. . 190 


General Electric Co. 
(Construction Materials Div.) 


213, 236, 237 


Graybar Electric Co., Inc. 66 
Kaiser Aluminum & Chemical 
Sales, Inc 24, 25 


National Electric Products Corp. 198 

Okonite Co., The (Hazard Insu- 
lated Wire Works Div.). .27, 215 

Paranite Wire & Cable (Div. 


of Essex Wire Corp.) 182 
Phelps Dodge Copper Products 

Corp. 171 
Rockbestos Products Corp. 14 
Roebling’s Sons Corp., John A. 243 
Rome Cable Corp. 48, 49 
Triangle Conduit & Cable Co., 

Inc. . 264 
United States Rubber Co... 64 
Western Insulated Wire Co. 274 

Outlet Boxes 
All-Steel Equipment, Inc 4 
Arrolet Corp. . 279 
Fullman Mfg. Co 281 
Graybar Electric Co., Inc. 66 


Ideal-Simplet Fittings, Inc. 283, 309 
Panelboards, Switchboards, Switch- 
gear & Accessories 

Adam Electric Co., Frank...28, 29 

BullDog Electric Products Co. 

wae 

General Electric Co. (Trumbull 

Components Dept.) 162, 226 


Graybar Electric Co., Inc. 66 
1-T-E Circuit Breaker Co. 
(Switchgear Div.) 203, 206 
Russell & Stoll Co., Inc. 61 
S & C Electric Co. 57 


Porcelain Knobs, Insulators, Tubes, 
Cleats, etc. 


Graybar Electric Co., Inc 66 
Red Seal Electric Co 293 
Rectifiers, Converters 
Graybar Electric Co., Inc. 66 
Walker Div., The (Norma-Hoff- 
man Bearings Corp.). 333 


Service Entrance Equipment and 
Accessories 
American Electric Switch (Div. 
of The Clark Controller Co.). 277 
Blackhawk Industries . 279 
BullDog Electric Products Co..9, 221 
Continued on page 217 









Federal Pacific Elec 
Gedney Electric Co 
General Electric Co 
Apparatus Sales Div 
43, 44, 45, 46, 

Trumbull Components Dept. 
162, 


tric Co 


Graybar Electric Co., Inc 

Hubbard & Co 

M & W Electric Mfg. Co., Inc., 
The 

Midwest Electric Mfg. Co 

Porcelain Products, Inc 

Square D Co Third cover, 

Wadsworth Electric Mfg. Co., 
Inc., The 


Services and Miscellaneous 


Bristol Laboratories, Inc 

Dodge Corp., F. W 

Graybar Electric Co., Inc 
Kennecott Copper Corp.. . 252, 
Live Better Electrically 248, 
National Price Service 


Signal and Sound System 
Equipment 
American Telephone & Tele 
graph Co. (Bell 
System 
Auth Electric Co., Inc 
Couch Co., Inc., S. H 
Edwards Co., Inc 228, 
Graybar Electric Co., Inc 
Hose-McCann 
Inc. 
Kellogg Switchboard & Supply 
Co 
Radio Corp. of America 
Russell & Stoll Co., Inc 
Sperti Faraday, Inc 
Wheelock Signals, Inc 
Whitney Blake Co 
Zenith Electric Co 


Telephone 


Telephone Co., 


189 
7] 


Fourth cover 


47 


10 
42 
289 
229 
66 


325 


280 
315 

61 
31] 
334 
326 


. 333 


Solderless Lugs, Connectors and 


Accessories 


American Pamcor, Inc 

Anderson Brass Works, Inc 

Buchanan Products 
Corp 

Burndy Engineering Co 

Dossert Mfg. Corp 

Erico Products, Inc 

Graybar Electric Co., Inc 

Holub Industries, Inc 

Ideal Industries, Inc 

llsco Corp 

Krueger & Hudepohl, Inc 


Electrical 


Substations, Unit 


Federal Pacific Electric Co 
General Electric Co. (Apparatus 
Sales Div.) 
43, 44, 45, 46, 

Graybar Electric Co., Inc 

|-T-E Circuit Breaker Co 
(Switchgear Div 203, 
Square D Co Third cover, 
Wagner Electric Corp 30, 
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323 
290 


327 
139 


272 | 


286 
66 


Fourth cover, 


47 
66 


206 
167 
3] 








MAGNETIC 
STARTERS 


and CONTACTORS 


THE SAME SPACE-SAVING “RA” DESIGN 
plus these all-new features — 
NEW CONTACT DESIGN... 


and a special new alloy for longer life, 
greater resistance to 

welding. New, metal 
contact carrier post 


SIZES 0 AND 1 


e NEW 
RESINOX 
HOOD 
and BASE... 


for maximum tensile 
strength and added 
dielectric strength. 


e NEW 
AUXILIARY SWITCH... 


improved, sturdy mechanism. Front 
mounting for easier removal 


e NEW, SIMPLIFIED 
“RA” MECHANISM, . . same 


compactness plus more efficient operation 
in industrial atmospheres where dus 
and metal filings | 
are prevalent a aT al 


Write today 
for complete 
information 


Motor Control Division 


THE ARROW-HART & HEGEMAN ELECTRIC CO. 
103 Hawthorn Street, Hartford 6, Connecticut 


Offices, Sales Engineers and Warehouses in Princ ipal Cities 


O} ya litiy 








ALUMINUM 


OR GALVANIZED STEEL 


> SUPPORT SYSTEMS 
y  IN-FREE-AIR 


DESIGNED ano DEVELOPED BY HUSKY PRODUCTS 


gis aaes ge 


“There is hardly anything in this 

world that some man cannot 
make a little cheaper—and a 
little worse...” 


OR APPROVED EQUAL 





and be certain that 
YOUR approval 
gives your client: 


ne 


A sound electrical system. 

A sound mechanical system. 

A coordinated system with unit responsibility. 
An economical job—the lowest “Installed Cost.” 
A system adequate for indoor or outdoors, for 
long spans and ideal for future expansion. 


SEND FOR YOUR COPY OF 
OF CABLE IN FREE AIR” 
analysis of the 


“THE STORY 
A comprehensive 
modern trend in power di 
photograph and ecor 


THE HUSKY SUPPORT 
SYSTEM 


support system approved 


the only cable 


and recommended by all 


major cable manufac 


turers 


AVAILABLE THROUGH LEADING CABLE MANUFACTURERS 


HUSKY PRODUCTS, INC. 


5300 VINE STREET, CINCINNATI! 17, OHIO 
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Surface Raceways and Fittings 


Graybar Electric Co., Inc 
Keystone Mfg. Co. 
Mult-A-Frame (Div. of 
worth Mfg. Corp.) 
Wiremold Co., The 


Switches, Safety, Meter 
BullDog Electric Products Co 


Federal Pacific Electric Co 
Graybar Electric Co., Inc 
Square D Co 


Ains- 


Third cover, 


66 
201 


210 
328 


9 
221 
189 
66 
167 


Time Switches, Lighting Controls 


and Timers 


Graybar Electric Co., Inc 
International Register Co 
Reliance Automatic Lighting Co 
Tork Clock Co., Inc 

Zenith Electric Co 


Tools 
Allen Co., Inc., L. B 
Barth Corp., The 
Black & Decker Mfg. Co 
Blackhawk Mfg. Co. 
Electro Compound Co 
Graybar Electric Co., Inc 
Greenlee Tool Co 
Holub Industries, Inc 
R.A 
, Gustave 
Minerallac Electric Co 
Powder Power Tool Co 
Ramset Fastening, Inc 
Remington Arms Co., Inc 
Ridge Tool Co., The 


Tal Bender, Inc. 


Koeneman Co., 
Lidseen, Inc 


Toledo Pipe Threading Machine 


Co., The 


Transformers, Dry-Type 


Allis-Chalmers Mfg. Co. 15, 


Federal Pacific Electric Co 
General Electric Co. 
(Apparatus Sales Div.) 


Fourth cover, 43, 44, 45, 46, 


Graybar Electric Co., Inc. 
Kuhlman Electric Co. 
Marcus Transformer Co., Inc. 
Precision Transformer Corp. 


Sorgel Electric Co. 62, 
Third cover, 
Wagner Electric Corp. 30, 


Square D Co 


Transformers, Liquid-Type 


Allis-Chalmers Mfg. Co 15, 


Federal Pacific Electric Co 
General Electric Co. 
Apparatus Sales Div.) 


Fourth cover, 43, 44, 45, 46, 


Graybar Electric Co., Inc 
Kuhiman Electric Co 


Standard Transformer Co., The 


Uptegraff Mfg. Co., R. E 


Wagner Electric Corp 30, 


Wire and Cable 


American Steel & Wire (Div. of 
U. S. Steel Corp.) 12, 


Continued on page 220 


66 
308 
320 
335 
333 


321 
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283 
239 
323 

66 
220 
317 
327 
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319 
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push button 


SS Sas 


“PUSH-A-MATIC™ 


tilating ran S a 


Vert al Discharge Fans 
ove ’ Woo jack 
nde 


Built-in 3-speed fan control 


Graceful, extra depth desig” 


fits all cabinet depths, choice | 


‘peautiful “Kitchen Matec hing 


wi twits 
Well owitth a pull 
chan modets tar ude 
wall we 
THESE MODELS ALSO 
write for fully illustrated catalog folder FOR VENTILATING 
RANGE HOOD USE 


BERNS MANUFACTURING CORPORATION 


3050 NORTH ROCKWELL STREET CHICAGO 48, !'LeEUtnots 





for easy, fast operation 


of your hydraulic pipe benders and 


hydraulic rams of all types 


Put this powerful, portable power 
pump to work on your hydraulic 
tools and see how much easier and 
faster your jobs go. 
This new, /ightweight Greener 798- 
CO pump can be used not only on 
Greentee hydraulic pipe benders 
and pushers, but on hydraulic rams 
of all descriptions, 
Weighing only 50 pounds. . . some 
40 pounds less than previous types 
this new GREENLEE power 
pump with aluminum alloy motor 
closure and pump housing is casily 


carried from job to job. 


Other advanced features include 
quick approach, adjustable-pressure 
valves, and a powerful }4-hp uni- 
versal motor that operates on 110 
a-c or 115 d-c current. Thus, this 
pump may be used in any plant or 
on any job without questioning the 


type of current available. 


Get the compl te story today, write 
for details on the new GreenLee 
798-CO portable power pump that 
saves work, speeds jobs, and brings 


extra profit to your operation. 


elt ld 


GREENLEE TOOL CO., 1745 COLUMBIA AVE., ROCKFORD, ILL., U.S.A. 
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Anaconda Wire & Cable Co 
224, 

Circle Wire & Cable Corp., 
Subsidiary of Cerro de Pasco 
Corp. 20, 

Clifton Conduit Corp 

Continental Wire Corp 

Crescent Insulated Wire & 
Cable Co 

Diamond Wire & Cable Co 

General Cable Corp. 

General Electric Co. (Construc 
tion Materials Div.) 213, 


Graybar Electric Co., Inc 
Kaiser Aluminum & Chemical 
Sales, Inc 24, 
National Electric Products Corp. 
Okonite Co., The (Hazard Insu- 
lated Wire Works Div.). .27, 
Paranite Wire & Cable 
(Div. of Essex Wire Corp.) 
Phelps Dodge Copper Products 
Corp. . oe 
Rockbestos Products Corp 
Roebling’s Sons Corp., John A 
Rome Cable Corp. 48, 
Simplex Wire & Cable Co 
Triangle Conduit & Cable Co., 
Inc. 
United States Rubber Co 
Western Insulated Wire Co. 
Whitney Blake Co. 


Wire and Cable Accessories, Mark- 
ers, Potheads, Racks, etc. 


Chalfant Products Co., Inc., 
The re A 

Cope, Inc., T. J. ee 

Delta-Star Electric (Div. of H. K. 
Porter Co., Inc.) .. Pens 

Efficiency Electric & Mfg. Co. 

Globe Co., The 

Graybar Electric Co., Inc. 

Husky Products, Inc. 

PLM Products, Inc. 

P-W Industries, Inc. 

Rawlplug Co., Inc., The 

Square D Co. . Third cover, 

Star Expansion 

U. S. Expansion Bolt Co. 


Wiring Devices 


Arrow-Hart & Hegeman Electric 
ii WP aos es 216, 
Bryant Electric Co., The 
BullDog Electric Products Co.9, 

Circle F Mfg. Co. 

Eagle Electric Mfg. Co., Inc. 

General Electric Co. 

(Wiring Device Dept.). .244, 
Graybar Electric Co., Inc. 
Hubbell, Inc., Harvey. . . 
Leviton Mfg. Co. 

Pass & Seymour, Inc. 

Pyramid Instrument Corp. 
(Remcon Elec’l. Wiring Device 
Div.) 

Royal Electric Co., Inc. 

Russell & Stoll Co., Inc 

Superior Electric Co., The 

Wiremold Co., The 
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STANDARDIZED, INTERCHANGEABLE SWITCH UNITS permit you 
to assemble, install, extend or convert the BullDog Power Panel 
with just two tools—a screwdriver and crescent wrench. Vacu-Break 
makes switching completely safe. Fused switch units available from 
30 to 600 amperes 


BullDog Power 


Panels Provide 


VACU-BREAK 
ARC CONTROL 


For Safe, Sure Operation 


Prefabricated ... trouble-free installation...no costly maintenance! 


BullDog-engineered equipment continues to set standards! 
And BullDog Vacu-Break™ Power Panels are no exception. 
Here's an efficient, economical way to centralize lighting and 
power distribution provide convenient service-entrance 


equipment, Loo 


Standardized, interchangeable Ly pe A” switch units feature 


exclusive Vacu-Break are control, plus Clampmatic™ action 


for bolt-tight connections. Maintenance is virtually elimi- 


' 
nated —you switch with greater security 


Prefabricated and built under strict quality controls, BullDog 
Power Panels are easy to assemble. The wiring guiler space 


is ample to permit positive and speedy installations, 


Consult your BullDog field engineer or qualified distributor or 


write BullDog Electric Products Co., Detroit 32, Mich. © nerco 


IF IT'S NEW...IF IT'S DIFFERENT...IF IT'S BETTER... IT'S B U L L D oO ny 


Export Division: 13 East 40th Street, New York 16, N. Y. . In Canada 


ELECTRIC PRODUCTS COMPANY 


A Division of |-T-E Circuit Breaker Company 


BullDog Electric Products Co. (Canada) Ltd., 80 Clayson Road, Toronto 15, Ont. 
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ELECTRIC HEAT CONTRACTORS: 





This is the radiant heating panel 
backed by the PYREX trademark 


You can rely on the proven 
dependability of this low-tem- 
perature source panel to in- 
crease your electric home 


heat installations. 


You can recommend and install the 
Pyrex brand glass panel confidently 

It’s available to you now with years 
of satisfactory performance behind it 
Homeowners are using it in built-in 


ystems and in portable unit 


High wattage output 


Because Pyrex radiant panels are tem 
pered borosilicate glass, they pack 
more watts per unit. One Pyrex unit 
for example give you up to 3,000 
watts output in permanent installation 
heaters. And tempering further in 
creases resistance to thermal shock 
and mechanical impact 


With this panel 


tial cost of an electrical heating system 


you lower the ini 


and you reduce installation costs, as 


well. 


Full radiation 


Ihe entire back surface of the Pyrex 
panel is coated with an electrically 
conductive metallic deposit. Thus, the 
entire panel radiates long-wave-length 


infrared rays 


With the Pyrex panel you get lower 
operating costs than with other, less 


efficient elements. And there is no 


heavy starting surge 


Full year warranty 


Every Pyrex panel is warranted by 
Corning Glass Works for one full year. 
If, during the first year of service, a 
panel fails due to a defect in the glass 
panel, Corning will replace the panel 


at no cost 


Send for full information 


If you are in one of the growing num- 
ber of areas served by utilities anxious 
to increase electric heating to balance 
their winter-summer loads, this panel 
can be of profitable help to you. To 


find out how, write, wire or phone us. 


Wall-mounted. Requires no floor 
space. Easy to install. Baseboard 
elements use Pyrex panels, too 


Portable. Instant, safe heat. The 
rugged, tempered glass withstands 
the jolts of frequent moving about 


vy CORNING GLASS WORKS, CORNING, N. Y. 


40-5 CRYSTAL STREET 


Coming means reseacch i Glad 
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OFFSET 








SS SUBS BSS SSS 


SCREW-TYPE CONNECTOR 


, i 


This exclusive offset connector made by 


‘Jubewe 


presents a new concept 


Bending offset connectors wastes time 
and money! Tube-Weld climinates this 
costly, time consuming chore with this 
new concept in design. Developed after 
careful study of electrical contractor 
needs — this unique fitting allows fast, 
economical connecting and wiring. 
Tube-Weld’s one-piece, thin wall steel 
tubing means increased inside diame- 
ters. Its longer length means greate1 


bearing support and rigidity of conduit. 


You can put your confidence in 


A Division of Berger Machine Products, Inc. 





BOX CONNECTOR 


ELECTRICAL 


Tube-Weld fittings 


* in the oversized hardened steel set 


screws that are staked for permanency! 


¢ in the uniformly flat connector 
shoulders that assure perfect centering 
in the box. 


® in the rolled instead of cut threads 
Which have 54% 
strength and 66% 


greater stripping 
greater snapping 
strength according to an independent 
testing laboratory report 


CONNECT WITH 


in electric fitting designl 


* in the smooth, lustrous zine finish 
and carefully beveled edges—your as- 
surance of workmanship that is unsur- 
passed in the electric fitting field. 


Tube-Weld fittings are available in 2”, 
“4” and 1” sizes. They are carefully and 
smartly boxed for ease in shelving and 
identification. For descriptive brochure 
and additional information, write or 
call: Electric Tube Products 


74-16 Grand Ave., Maspeth (N.Y.C.) N.Y. 


Difender 5-8000 U) 


FOR ECONOMY 
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3 tests show butyl rubber- 


Extra protection against 


. OZONE RESISTANCE 


O1one 
by Volume 


O10-.015 B <3 rvs O11 Bose Spec (A) 


In standard ozone-chamber test, Type AB insulation 
ad hus Gute) foes. showed no injury after 72 hours in 0.025-0.030°, ozone 
(B) concentration . . . 24 times longer than required by oil base 
.025~-.030 £46 hrs Type AB Spec (C) and buty! specifications. 
72 hours 


Type AB Typical 
per Specified 
Concentration 


Oil Bose - Buty! = Type AB Spec Type AB Typicet 














MOISTURE ABSORPTION 


Buty! ona 


Type AB Spec Type AB Typical 


=— After Aging * 





nN 
i] 


For the mechanical moisture absorption test, the in- 


inch 


iad 
° 


<— Before Aging dustry has regarded 15 milligrams increase in weight 
per square inch of exposed surface, after 7 days’ 
immersion at 70C, as a criterion for satisfactory 
moisture resistance. Type AB easily meets that 
requirement—in fact, after 28 days of immersion 
it is only a fraction above the 7-day requirement. 


J 








J 





Milligrems per sq 
°o 

















° 





“7 Ooys 


OPERATING TEMPERATURE 


> 
oO 
oO 


70C-Oil Base Spec. 


ot operation at 85C maximum operating 
| temperature. Industry standards rec- 


85C |Type AB Spec. 
oa) Buty! Spec. 


w 
°o 
°o 


Anaconda recommends Type AB for 


ommend 70C for oil base. That means, 
as the graph shows, Type AB’s cur- 
rent-carrying capacity exceeds oil base 
specifications by 22°7. 


Current Rating -Amperes 
~ 
°o 
oO 


° 
° 




















* + * 4 . —__—_—_— jt — 
642 '%o % %o AWG 
100 200 300 400 500 MCM Conductor Size 
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insulated Durasheath* Cable has 


ozone, heat and moisture 


Anaconda exclusive Type AB butyl rubber insulation resists 
ozone far longer than needed to prove its high ozone 
resistance . . . absorbs far less moisture... has 22% 


more current-carrying capacity. 


Standards are set up for your protection 
but most standards state minimum require- 
ments. 

Anaconda’s Type AB butyl-insulated 
cable performance exceeds its own specifica- 
tion requirements and goes far beyond in- 
dustry requirements—gives you an extra 
margin of protection against the major ene- 
mies of long cable life. 

sutyl rubber has inherent resistance to 
ozone, heat and moisture. Thus Anaconda 


has been able to concentrate on the develop- 


ment and improvement of other desirable 
properties. 

The pay-off is in your operations—in 
longer cable life... in less maintenance... 
in lower over-all operating costs. The Man 
from Anaconda will be glad to give you full 
details about Type AB-insulated Durasheath 
and other Type AB-insulated high-voltage 
cable. Why not call him today? Or for more 
information, write Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, 
New York. shew Pat. Om sees 


rioncer in sure insucation A ag ACON DA 
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AT 
ce ENTRY BLANK 
<< le Pick Ore TRUMBULL — 
KJ“ “1 like G 
[Think how happy your wife would be with this bright 7 2 f uv 
new Gk All-klectrie Kitchen! Includes*: General 
hlectric Washer-Dryer Combination, Disposall® Sink, 
Automatic Dishwasher and Built-in Range ill under 
one gleaming, easy-to-clean, stainle teel counter. Plus 
the famous new Built-in Oven and Wail Refrigerator! 
Without moving more than a few steps either way, your 
ife in do the family wash, get a whole day's dishe 


i big rie il ind di ose of the vgarbave igral, “ — 
! And to toy + of you ll get the fre / Ij 


A 
I \ . ‘ 
fessional irchitect to help you plan you \ WAI 
/ \ 
yzl 
7 


‘ling n (i-b. All-Flectric Kitchen! Here’s an 
pportunit u net nt to pas up \ 
a are ; ENTER TODAY! 
100 Second Prizes: G-E Automatic Skillets! r" 4 @entect doses 
wks everything from a simple breakfast to 1 complete june 24, 1956 
bri , bake , Stews, brats 


ire elector for de sired heat 


Progress /s Our Most Important Product 
GENERAL @@ ELECTRIC 
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MORE DEPENDABLE 
PROTECTION 


BETTER LIGHT 
: | EASIER 
i> «J fe}j fe) = MAINTENANCE 


Pp RO @) é Standardized Splice Boxes, pendant, ceiling and 
bracket, to take all fixtures from 100 to 500-watt 


Die-cast aluminum 
Large Ir spection Cap for easy splicing, inspection 


“SERIES H’’ Sockets with Long leads, can be replaced without 


tools 
} Auxiliary Reflector, anodized aluminum, easily re- 
moved for cleaning. Increases light efficiency 
LI G a TS Air ( ooled Body series of notches aid im air ctf- 
culation 
y Shock-Proof Globe, annealed glass, accurately 
ground mounting surface Thin aluminum and 
asbestos gaskets included 
Guards and Reflectors fasten to die-cast globe 
holder ring by four screws Easily installed or re- 
placed 
Smooth, Aluminum Guards. Made with steel dies to 
assure smooth uniformity 
Knurled Locking Thumb Screw locks globe support 
to adapter 
Snug Fitting Gaskets. Asbestos and thin aluminum, 
to fit between globe and holder ring 
Porcelain Enameled Reflectors. Four styles: Shallow 


Bowl, Standard Dome, Deep and Angle 


WATTAGE QUICKLY 
CHANGED ON THE SPOT 
Change from 100-walt to 
150 of 200-watt medium 
base, or 300 and 500 
watt mogul base 

simply loosen one locking 
screw, disconnect wires, 
remove adapter and 
replace with new size, 


EASY TO RELAMP 

WITHOUT TOOLS 

1. Loosen thumb screw, 
remove globe support 


Cast Aluminum Construction. Ruggedly designed acotnely 


adapter, globe support, splice box, and globe 
guard 


Change lamp 
Replace globe support 
assembly, tighten 
thumb screw 
WRITE for new illustrated 
literature 


"Killark...a fitting name to remember” 


ELECTRIC MANUFACTURING COMPANY 


CHTRANCE FITTINGS + CONDUIT BODIES + FLUSH SWITCH FITTINGS + EXPLOSION PROOF FITTINGS + VAPOR-TIGHT LIGHT FIZTURES + CEPLOSION PROOT LIGHT FITIURIS + SEALED SLAM FinTURES 
Vandeventer and Easton Aves. St. Louis 13, Missouri 


ATLANTA 69 Mills St, N. Ww DALLAS 1903 Griffin St. PHILADELPHIA 2014 Chancellor $b. 
SALES OFFICES and = gostoN 49-5105. DENVER 1073 Galapage PITTSBURGH 4830 McKnight Rd. 
WAREHOUSE STOCKS  suFFALO 278 Johnsen St DETROIT 8319 Mack Ave. SAN FRANCISCO 714 Harrison St, 
CHICAGO 1528 West Adams St LOS ANGELES 412 Seaton St. SEATTLE 4130 First Ave, § 





SALES OFFICES BALTIMORE 11 W. 25th St. COLUMBUS 2700 E. Main $F. MINNEAPOLIS 626 Andrus Bidg. 
CINCINNATI 1031 Meta Drive KANSAS CITY, MO. 616 W. 26th St. NEW YORK 600 W. 16150 St, 





everywhere you 


DESIGN « DEVELOPMENT « MANUFACTURE 
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look you see EDWARDS 


ELECTRIC SIGNALING, COMMUNICATION, 
AND PROTECTION EQUIPMENT 


eighty years of performance 
proves, better than promises, the superior 
dependability and efficiency of Edwards 
signaling equipment. Tens of thousands of 
schools, hospitals, factories, businesses and 
institutions of all kinds enjoy modern, more 


efficient Edwards signaling, communication, 


and protec tion systems and ¢ omponents. 


For complete information, see your Ed- 
wards Technical Specialist, your Edwards 
Distributor, or write: Dpt. EC-5, Edwards 
Company, Inc., Norwalk, Connecticut. (In 
Canada, Edwards of Canada, Ltd., Owen 
Sound, Ontario. ) 


FOR SCHOOLS 


clock and program systems 
fire alarm systems 
bells, horns, buzzers 

intercommunication systems 


FOR HOSPITALS 
nurses’ call systems (audio, visual) 
doctors’ paging systems 
fire alarm systems 
in-and-out registers 
psychopathic alarm systems 
contact devices 


FOR HOMES 
door chimes 
home fire alarm systems 
bells, buzzers, electric accessories 
push buttons 
burglar alarms 


FOR BUSINESS-INDUSTRY 
lokator™ paging systems 
clock and program systems 
fire alarm systems, 
intercommunication systems 
burglar alarm systems 
bells, horns, buzzers 
executive desk call buttons 
contact devices 
door openers 
annunciators 
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ancy Seed-Line 


PATENT PENDING 


LABOR SAVING 





on continuous-row lighting installation 


WINS CONTRACT 


for Electric Service Co., Eau Claire, Wis. 





12:53 PM— Everything ready to begin installa 1:00 PM 
tion in this typical Eau Claire classroom 
Hickey to take Garcy Adjustable Stem 
Hanger have been previously attached to 


Wireway channels have been un- 
packed and laid out along sawhorses. Wireway 
covers have been removed and Speed-line 
couplings, inserted between fixtures, are being 
ceiling. Gare peed-line Visualier bulk fastened in place. The four individual fixture 
packed fixtures have not yet been removed wireways now make a rigid continuous 28-foot 


from carton assembly 


CLASSROOM LIGHTING INSTALLED 


1:20 PM— The first row has been leveled and 1:32 PM—The second lamp row has been 
lamped, and the workman is attaching the last assembled and installed just 12 minutes 
of the separate louver shields. Meanwhile the after completion of the first row 

other two workmen have been repeating the 

wircway ar embly procedure for the second row 
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Estimating that $4,482 cou'd be saved by using the 
Garcy Speed-line System instead of separate external 
mounting channels, Electric Service Co. submitted 
the winning bid for relighting the Eau Claire Senior 
High School 

Phe potential savings of the Speed-line System were 
well known to E. F. Klingler & Associates, architects, 
who supervised the job of relighting and rewiring 22 
standard classrooms, about 750 feet of corridor, plus 
storage space, toilets, etc. The architects invited all 
bidders to submit an alternate figure based on Speed- 
line savings. In their successful bid, Electric Service 
Co. figured that Speed-line would save more than 
50%, of installation labor costs. Their faith in Speed- 
line was amply justified as indicated by the remark- 


able series progress photographs pictured here 


1:08 PM ring connections have been com 
pleted, wirew ‘ ers have been replaced 

all this at convenic vorking level, not perched 
on top of ladde sarcy Adjustable Stem 
Hanger I ¢ ! lamped to assembly 
Hanger canop have been placed over stem 


Learn how Speed-line can cut 


installation labor costs 50°% and 


more on continuous-row lighting 


Send today for Bulletin 551-L 


GARCY 


Quality by Design 


GARDEN CITY PLATING & MFG. CO., 1730 N. Ashland Ave., Chicago 22, Ill. 
In Canada: Garcy Co. of Canada, Ltd., 191 Niagara St., Toronto 


1:09 PM—In one minute's time the rigid 28 
foot assembly has been carried up the ladders, 
and stem hangers hooked into ceiling hickey 
No lock nuts, no washers are needed 


-hee 5-3 Oe, oe SS ee 


third and last row 


ELECTRICAL CONSTRUCTION AND 


8 
1:51 PM— All three rows installed, lamped and 
lighted. Elapsed time, 58 minutes. Saving in 
labor costs permits budget-wise use of Garcy 
Visualier, finest in school and office lighting 
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Can you spot a bad roll? 


You'd need a pretty sharp eye. Slight variations 
in tape caliper or in dielectric strength are, like 
hundreds of other tape properties, pretty hard to 
see, or to feel. 


Yet these tape properties are important—vitally 


important to safe, well-insulated splices 
tion boxes, conduit, fittings. 

On “Scorcn” 33, we turn the job over to scien- 
tists — to machines and super-sensitive instru- 
ments, They perform hundreds of rigid quality- 


in junc- 


*Specifications for ‘‘Scorcu’’ Brand No. 33 Plastic Electrical Ta, 
inch; dielectric atrength — 9,500 volts; adhesion (ounces per inch widtn) — 25; elonga 
per inch width) — 25; More detailed 3M 


tion at break — 175%; tensile strength (lbs 
information on request 


control tests. They make certain that the first 
plastic electrical tape on the market (and its 
heavy-duty cousins: “Scorcn” 21, 22) is still the 
finest. And they make certain the quality holds — 
roll, after roll, after roll. 


No wonder contractors specify more “Scorcn” 
33 than any other plastic tape. They know their 
men like it — like the way it handles, the way it 
performs. ‘They know, too, it’s the safest way to 
get exactly* what they want — every time! 


caliper — .007 | paqouct oF 


| RE SEARCH } 


SCOTCH No. 33 Electrical Tape 


The term “‘Scorcn’’ is a registered trademark of Minnesota Mining & Manufacturing Company, St. Paul 6, Minn. Export Sales Office 
09 Park Avenue, New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario 
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ALLEN-BRADLEY 
HEAVY DUTY PUSH BUTTONS 


These new Bulletin 800 heavy duty push buttons are the modernized version 
of that old reliable line of A-B heavy duty stations. Advantages—until now 
restricted to the oiltight stations for machine tool use—have been built into 


these new heavy duty stations—and you'll like the result. 


For instance, each button or pilot light is a self-contained unit which can be 
mounted singly or in groups—vertically or horizontally—in a variety of 


standard Allen-Bradley enclosures, with the name plate reading in the right 
Bulletin 800 heavy duty STOP 


direction, Double break, silver alloy contacts used throughout. Send for 
button ready to mount in en 


Bulletin 800. 


closure. (See below) 


Allen-Bradley Co., 1316 S. Second St In Canada 
Milwaukee 4, Wisconsin Allen-Bradley Canada Ltd,, Galt, Ont 





m4 ALLEN-BRADLEY 
pe Fe ——S QUALITY = 


ets you assemble any 


heavy duty station 
waiting for special 


tions 





Right Internal view of con 
tact block showing double 
break N.O. & N.C. stationary 
contacts. The pushrod carries 
the moving contacts. 


—— | 


Left — External 
view of contact 
block showing 
N.O. & WN. ¢ 
terminals 














Two button station with 
nome plate and clamp 
ing ring removed from 
cover 


A NEW LINE OF ALLEN-BRADLEY HEAVY DUTY 
PUSH BUTTONS 


Type AK16 flush head START button 


Ql 


~ 


Type EK118 cylinder lock unit 


Type HK 1 1B wing lever 


selector switch unit 


Type PK 16 pilot light with 110 v, 
60 cy. transformer. Available 
with 220-440-550 v, 60 & 25 


cy. transformer 


Allen-Bradley heavy duty push buttons have been 
redesigned to take advantage of the type of 
construction that has made A-B oiltight machine 
tool stations so popular. 


While the new Bulletin 800 heavy duty line is 
not oiltight, it uses contact blocks that have proved 
so dependable in the Bulletin 800T oiltight push 
buttons. Special heavy duty stations can be as- 
sembled on the job from a small stock of standard 
components. 


Several types of operators 
are available, such as standard 
head, mushroom head, coin slot, 
key type, wing lever, and 2 or 
3 position selector switches. The 
buttons can be supplied in dif- 
ferent colors. 


These push button stations can 
be easily arranged for either 
vertical or horizontal mounting 
—with the name plates reading 
correctly for the desired 
mounting. 


Standard enclosures accom- 
modate up to 8 buttens ond 
pilot lights. Enclosures for more 
than 8 units can be supplied. 
Write for Bulletin 800. 


Allen-Bradley Co. 
1316 S. Second St. 
Milwaukee 4, Wis. 
In Canada 
Allen-Bradley Canada Ltd. 
Galt, Ont. 


Five button 
station with 
pilot light 


Type BK6B ext. head STOP button 


g-F 


Type DK63 mushroom head button 


Type HK2B selector switch 


Type FK28B 2 but- 
ton interlocked 
station 


MOTOR CONTROL 





the New Importance of the RLM Label III 


pwr 


ete 


eh) / 


| 
Send for Your Complimentary Copy of this 
1956 Edition RLM Specifications Book 


NOW MORE USEFUL THAN EVER! 


New illumination data and complete up-to-dating of specifica 
tions for 36 different aim industrial lighting units, make this 
new RLM Book more useful than ever to buyers, sellers and 
specifiers of industrial lighting equipment. An important 
change concerns the use for the first time in RLM Specifica- 
of the Zonal Method of computing Coefficients of 
tables 


printed in this new edition are based on this method. You'll 


Utilization and illumination on room surfaces. The 
also find helpful light distribution curves on both incandes- 


cent and fluorescent equipment, including the new Semi- 


z ‘ nn ln OMI EE i ii tt 
ote ~ 
E SHCA PCa 

A 4 


aL 


ALM 


== ' ' = 
[The letters RUM HONS Former eeror Bnd Ligt 1g tqU pment manctart UA ids 


DARD SHINSTITUTE 


Direct fluorescent units, which direct 20% to 30% of the light 
upw ard. In addition, there are mnportant ¢ hanges in the nLM 
Standard Specifications covering materials, construction and 
photometric performance, 


If your work is at all concerned with industrial lighting equip- 
ment, make sure you have this latest edition RLM Speciica- 
tions Book — you'll recognize it by its green cover with the 
big red-and-black nim Label. For your complimentary copy, 
write to the Institute, or use the coupon, 


RLM Standards Institute, Suite 819 
326 W. Madison St., Chicago 6, I. 


Please send me a copy of the new 1956 atm Book. I 
understand there is no cost or obligation, 


Name and title 
Company 
Address 
Zone 
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Miore scope for selection 


IN THE FULL LINE 
OF GENERAL ELECTRIC CABLES 


FS CVS 4-9 aS eee STS 








21985 Gdoug sng |ocveEeweRis 


= Waa) | —PdAWHAWANA aA : 


~ 


B1GVD 4OUUY PeHDO/4e}U| O-A = 


B19R8D e198 0g 


FIGED (O4,U0D ,/oveEeweRi” 


BIQVeD 4OMOdg suUssd0sH , |OUNIOD 48dNS 
SE eh « ** 2 RRR a Re ee 


P4OD s1Gk 0d 


e925 4eMOd sUIW 


G85 1o4},40D -2¥erd0289 _(OVess8A 


















Silicone Rubber Power Cable 


rhe General Electric line of hundreds of wires, 
cables, and cords covers just about every possible 
need. Typical of these are flame-resistant, heat-, 
moisture-, and weather-resistant types and special 
constructions to withstand vibration, the electrostatic 
effects of adjacent power cables—even the effects of 
atomic radiation. Thus, G-E engineers are never 
limited to one cable, cord, or wire for a given job 
but can suggest the most efficient and economical 
solution for the particular situation. 

Chis is one of the important reasons why General 
Electric wire and cable engineers have been able to 
help many electrical contractors with their electrical 
expansion and modernization plans for industrial 


customers. Another reason is General Electric’s 


*Registered Trade-mark General Electric Company 


knowledge of the requirements of other basic com- 


ponents of power distribution systems—trans- 
formers, load centers, switchgear, etc and the 
importance the right wire or cable plays in satis- 
factory system performance. 

the kind that 


can benefit you. Next time you have a cable selection 


All this adds up to experience 


problem it will pay to take advantage of General 
Electric’s knowledge and experience 

For information on your specific wire and cable 
application or selection problem see the G-E wire 
and cable specialist in your locality or write to Sec- 
tion W183-518, Wire and Cable Department, Gen- 


eral Electric Company, Bridgeport 2, Connecticut, 


Progress /s Our Most /mportant Product 
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Silicone Rubber Contro! Cable 
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Magnet Wire 





licone Rubber Heating Cable 
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For more versatile, effective lighting 





amplex 
Ss w : ve ' 1 te | Accent Lighting 


Amplex Swivelite C12SH 

Adapt-A-Unit’’ construction 
permits complete inter 
changeability for all parts 
for constantly new 


lighting setups 


Amplex Focalite 

Won't tip over— @asy to 
focus most adaptable 
fixture for lighting 


displays 


Yes, the “Adapt-A-Unit” construction of 
Amplex Swivelite fixtures permits endless 
variety in achieving beauty and concentrated 
light for attention-getting effects with a 
minimum number of basic units. These are 
without question the finest, most adaptable 
“working tools” for achieving up-to-date 
lighting with real selling power. And for more 
striking and colorful light, specify Amplex 
Spots, Floods and Colorbeam Reflector Lamps, 
designed especially for Amplex Swivelite fix- 
tures. Write for new catalog describing the 
Swivelite big four exclusive features that pro- 
duce effect, efficiency, economy. 


| Fiatures... 


Specified by 


Experts 


Colorbeam Reflector Lamp 
Amplex Colorbeams come 
in 14 striking colors 

rated life of 

2,000 hours 


CORPORATION 
Dept. ECM-556, 111 Water St., Brooklyn, N. Y. 
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Saditian! 


90° bends in 1 setup send bending costs tumbling! Blackhawk’s new S-130 bends -_ 
so fast, so perfectly, at such low cost that practically all need for factory-formed ells 
is eliminated. It makes possible infinite combinations of bends right on the job 


“Featherweight” $-130 bender obsoletes all other equipment 
for bending '/2 thru 2-inch rigid conduit and pipe 


It’s as 
astounding speed, ease, light weight and precision in bending that 


modern as the jobs electricians work on today with all the 
electricians themselves asked for. Check these important features, and 
you'll see why it’s good business to put the new “Featherweight” S-130 
on your jobs why it starts paying for itself immediately through 
dramatic savings in both labor and material costs 

Kit includes “Porto-Power” hydraulic 10-ton unit plus bending 
equipment for six sizes of pipe and conduit, 14 thru 2 inches 


$-130 Kit — $189.00 


. and you can make a 90° bend in 2” pipe in less 


than 60 seconds with electric-power pipe bending! 
Blackhawk’'s P-182 electrically-driven 

hydraulic pump brings remarkably econ 

omical, speedy operation to pipe bending 

By eliminating hand pumping, the P-182 

ends manual effort you can turn out 

t production” bends three to six times fast 


A if : 
, 44 er' Can pay for itself on the first job 
Nt =F S-132 Pipe Bender Kit same as 8-130 
. + 
r3 -T 5 
- .—— 
Se 


but with P-182 pump in place of hand 


operated pump $485 


Order Blackhawk Electrician's Hydraulic 
wholesaler or industrial distributor today 
to Blackhawk Mfg. Co., 


Tools from your electrical 
Write for free literature direct 
Dept. P-2056, Milwaukee 46, Wis 


Prices subject to change without notice 


BLACKHAWK 


world’s largest manufacturer of HYDRAULIC TOOLS 
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“Featherweight” portability 


Aluminum alloy frame and shoes are rigid 
and strong yet surprisingly lightweight for 
greater portability, easier assembly and man 
euverability overhead, on bench or tloor 
Keeps crews happier and more productive! 


“Optik-Angle" gauge 
Eliminates guesswork and time-wasting meas 
uring in controlling degree of bend. Degree is 
constantly shown by above simple gauge, 
which is mounted right on bender 


New longer-stroke ram 


xtends full 10 inches. Makes 90° bends 
in one stroke with only one setting of pipe 
in shoes. Forms up to 180° bends faster than 
ever, too! Removable top plate and “Lock 
On" shoes for quick positioning of pipe 
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State Department of Employment Building, Sacramento, Calif. 


Use of Bryant Low Voltage Multi-Control 
Effects Substantial Savings! 


The lighting in this fine new building is designed to operate on a 480/277 volt 
distribution system. 

Because many of the partitions are of the movable type to provide for rearrangement 
of office space, Multi-Control for low voltage switching was installed in all 

interior corridors and offices. Besides effecting substantial savings by the elimination 
of conduit, the low voltage wiring can easily be cut at partition joints and quickly 
reconnected when partitions are moved 

Switch legs in the outside walls and in permanent interior walls are the conventional 


type, pulled in conduit, and controlled by Bryant No. 4901 A.C. Switches, 


rated 20 Amperes 277 Volts. 


yi | THE BRYANT ELECTRIC COMPANY 


Bridgeport 2, Connecticut 


Cy) CHICAGO + LOS ANGELES 
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American louvers have no welding ot 


hats 

Mate 
rik 

Or 


riveting, allow the architect or light- 


sit’ 
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ing engineer full scope for his cre- 
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ative designing. They can be 


used as individual fixtures, as 
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full ceilings, or in modular 


"6 
“ene 
A 


patterns of any design. 


*¢ 


When used in luminous ceil 
ings, American louvers trap 


and reduce noise. Open construc- 


Se ot —epecitic gravity © tion gives freedom of air flow, 
only 1.8. 


@ RESISTS HEAT up to 185° F. helps diffuse heat or air conditioning 


@ COEFFICIENT OF THERMAL EXPAN- 
SION is approximately .000045” per 
degree F. at room temperature. 


TRANSMITS highest amount of un- 
shielded luminaire output consistent 
with high diffusion and moderate re- You owe it to yourself to investigate this new 
flectance of pigmented plastic. 


allows free operation of sprinklers 


plastic lighting medium. Write today for your free 


CLARITY, due to high refractive index copy of the booklet, “Plastics in Modern Lighting.” » ? 
(1.59). 











AMERICAN § COMPANY 


, f l habipuirs ss Yi 4240 NORTH SAYRE, CHICAGO 34, ILLINOIS - 
, ullabley sats 1939 














BE PRECISE...SPECIFY 


PRECISION TRANsFORMERS 


% DRY-TYPE , 


AIR-COOLED ai} 





4. 4 ie 


j yay ry on ” as , 
/ yay wa: WA MENA Yoo : 
bay oe f h * ‘ Va Ghee Ge? 4 
AZT Ie i AY, gee aor” rd 
(G@Gn o** (#\ GuARANTEED (&) GUARANTEED 
OVERLOAD CAPACITY! LOW LOSS CORES! 


Every unit engineered to exceed Best quality core plated silicon steel 


GUARANTEED aeradiie aoe es — acme 
EXTRA-RUGGED CONSTRUCTION ! 


iestenae o00b claminn and tenn (¥\ GUARANTEED (#) GUARANTEED 
maintain lifelong rigidity and coil SAFE OPERATION! OPERATING ECONOMY! 
Scientific louvre design, non-track : 


alignment. Heavy gauge, all-welded = 
lriple savings low-cost installa 
ing, non-combustion supporting pre 


steel cabinet supplied with wall or 

) tion, Operation anc maintenance 

platform mountings Heat - proof and post-baked solids make shorts : . 
Long life gives more power per dol 


corrosion. proof baked enamel finish 
lar investment 


W cuanantee GUARANTEED +3 aint 
EASIER ACCESSIBILITY ! VACUUM IMPREGNATED COILS! GUARANTEED 
Handy engraved marking panel 
board provides quick access to all 


a 
GOtGe 


and 


and fires practically impossible 


Extra capacity copper conductors CLASS “B"’ INSULATION! 
non-combustion supporting class B Quinterra, Fiberglas and other Class 
taps for fast easy installation or better solids, highest dialectri« B insulation materials meet or 


Large knock-outa open into roomy strength, durability and low noise exceed N.E.M.A,. standards. Extra 
wiring compartment level 


heavy insulation at all points of stress 


_. CONVENIENT SALES AND ENGINEERING OFFICES 


in all principal cities. There's one near you. . . to help solve 
your problems or your customer's. 





>| CUSTOM-BUILT | LIQUID-FILLED 
S-YEC re 2 | TRANSFORMERS | TRANSFORMERS 


« the industry thot Special sizes, special designs 

2 only COMPANY nce of super’ esl for original equipment or as 

‘ accessory equipment. Our en- Complete line of well designed 

gineering staff is ready to help Single and Three-Phase low 
you. loss units 


(Oil or Askarel) 


orkmanship | 
w 


way Wires 














TET ak, - AMMRRIRIRRORT SS 
Y Write today for a complete file of PRECISION DATA SHEETS and Catalogs 


PRECISION TRANSFORMER CORP. 


2218 W. LAKE STREET . CHICAGO 12, ILL 
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iF YOU THINK DUCKS are MOISTURE-RESISTANT, 
GET ACQUAINTED WITH THIS NEW 


ROEBLING ALL-RUBBER 
CONTROL CABLE 


HERE'S A NEW CONTROL CABLE entirely built of non- 
hygroscopic materials. Conductors are covered with a special low 
capacitance moisture and heat-resistant insulation. In addition the 
insulation on each conductor is protected by a neoprene jacket. 
Rubber fillers are vulcanized and completely fill all interstices. 
Asbestos-neoprene tape binds cable core during processing and 
becomes an integral part of the tough, overall, Roeprene sheath 
Wicking, or migration of moisture, longitudinally, is avoided. 


In this new Roebling All-Rubber Control Cable there is no 
deformation of conductor insulation or sheath. The 
completely filled core prevents sheath damage and 
moisture absorption. Conductors strip free and 
clean for easy splicing and terminating 
Each conductor is identified by clear, 

indelible printing. 


Write for full information. 


Roeprene sheath 





ROEBLING ELECTRICAL WIRES 
AND CABLES ARE AVAILABLE 
WITH EITHER COPPER OR 
ALUMINUM CONDUCTORS 





ROEBLING 


JOHN A. ROEBLING'S SONS CORPORATION, TRENTON 2, WN. J. emancres: ATLANTA. 934 avON ave 


w. ROOGEVELT RO . NNAT 1263 FHEOONIA AVE * GLEVELANO 
FiGHen @.oc. + . M, 62 NAVIGATION BLVO 


* BOBTONM, 11-1 BTILLING BT. «+ GHeiGaea,eene 
3226 .Aeewooo wtiantTs @.vo + Otmvenw, 4401 4ACKBON BT * oeraciry, e186 


LOB ANGELES, 6340 € 4ARGOR GT * NEw YORK, 1% RECTOR BT * GOCBBA, TEXAS, 1980 €.8Hn0 
eT . Ore t PRIA 2 we sY . PirTrseveacr 1723 wenaevy w. Ovivenr @.38Ee | 2) rRa cieco ‘740 


‘ . " wciec ao 17's" eT . SEaTTLE, #00 
1ST AVE. G@ * TULSA, 32 ‘ MEYENNE BT + EXPORT GALES OFFICE, 19 RECTOR GYT..NEW VYORR 6.m.¥ (fF 
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G-E PRESSURE-LOCK TERMINALS make wiring 
easy, eliminate binding screws. Wire is merely 
stripped and pushed into terminal for firm, depend- 
able pressure connection. Available in a complete 
line of outlets, switches, and lampholders. 


233 new or 
alded to the 


With the newly expanded General 
Electric line of wiring devices you can 
handle any wiring job. Look over your 
distributor's display of this line of 
switches, outlets, lampholders, plates, and 
special purpose devices. You'll find a wide 
assortment in a broad range of grades, 
from the finest specification and heavy 
duty grades to the low cost competitive 
grades. Here’s everything needed for 
commercial and industrial jobs; for resi- 
dential and rural jobs 


During the last two years alone the G-I 
line grew by the development and 
introduction of 233 new or completely 
redesigned wiring devices. For faster, 
easier wiring, G-E pressure-lock terminals 
are now featured in a complete line of 


outlets, switches, and lampholders, in- 


cluding surface devices. Other develop- 
ments include stronger, more rigid 
mounting straps for outlets and switches; 
new and improved remote control com 
ponents; nylon-jacketed heating wire for 
radiant heating systems, new lighted 
handle for silent mercury switches; and 
many other entirely new features that 
help you meet your growing wiring 
requirements 


Yes, you can look to General Electric 

for the newest developments continually 

wiring devices that not only answer 

the electrical contractor's needs but also 

can be depended on tor extra rvice and 
long life 










py 










NEW G-E MERCURY SWITCH has a handle lighted by a G-E WATCH DOG STARTERS provide automatic lockout 
tiny neon lamp. Handle lights when switch is in OFF of failing lamps, protect ballast and fixture wiring, and 
position. Will give years of service. Locates switch in dark eliminate blinking — outlasts ordinary starters up to ten 
and serves as a pilot light. to one. In addition, the FS-400 prevents premature burn 


outs of lead lamps 





redesigned Wiring Devices have been 
G-E line during the last two years alone! 








Extensive as the G-E wiring device line is, General improve the wiring system: with remote control, 
Electric is constantly developing new products and the convenience of multi-point and master switching 
new ideas. Some improvements are designed to save is offered along with the safety of low voltage. 
installation time and make wiring easy: like self- Always, General Electric developments serve the con- 
tapping, plaster-cleaning screws (now standard on tractor and his customers dependably and at low cost. 
all switches and outlets) held in position for quick Wiring Device Department, General Electric Com- 
mounting by fiber washers. Some G-E developments pany, Providence 7, Rhode Island. 








G-E REMOTE CONTROL WIRING SYSTEM, the new method of wiring, is practical 
for homes of any price and has wide application in commercial and industrial 
wiring. Makes practical master switching of lighting circuits, and multi-point 
switching of individual circuits, 


Progress /s Our Most Important Product 
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VE AVE SAVE 
TIME! SPACE! MONEY! 


ASSEMBLED 


x PULL BOX 

% A The easiest, most economical way to speed 
installation of conduit—of any size from 
a" to 6”—is to use O. Z. Pull Boxes. Two 
hot dip galvanized malleable iron units fitted 
to an oversize length of pipe replace the 
conventional, bulky and costly pull box... 
cuts labor time in half! 


O. Z. Pull Boxes are available in four designs 
standard (Type ‘'PB''); weather-tight (Type 
TYPE ‘'B" PBW''); explosion proof and thin wall conduit. 
INSULATED The oversize sleeve can be cut to required 
JUST Y — BUSHING length ‘‘on the job" from standard conduit, 


or furnished to your specifications by O. Z 
TWO 


SIMPLE 

ASSEMBLY Call your local O. Z. distributor, 

STEPS » & or write direct to the company 
for complete information. 


— OVERSIZE SLEEVE 


he con 
sh sleeve over ' osite 
with "B on opP 


Slide head rrach head 


duit en A 


conduit 


. SLIDING HEAD “A” 
vr. 


\ 


,) 


4 
‘ 


<— SET SCREWS 


loop Qnd fee 


Sleeve in Sli 
f vas ide h se ‘= 
head "-g° Position and sepgert "A" wi CONDUIT 
. Ws Ceve : aw 


Tigh 
'l posit; 9Mten sey 
On 5Crews + 
. ° lock ‘* 


CAST |RON BOXES 
ELECTRICAL MANUFACTURING CO.. INC. CABLE TERMINATORS 


/ J) 262 BOND STREET + BROOKLYN 17, NW. ¥. Gatiawnes coreurveds 


GROUNDING DEVICES 
San Francisco Plant: 749 Bryant Street, Garfield 1-7846 CONDUIT FITTINGS 
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i I were you 
I'd use CLIFTON conduit 


, = é, : Other CLIFTON Quality Products: 
Your Best z i ord Specification CLIFTON Flexible Stee! Conduit CLIFTON Armored Coble 


CLIFTON Plastic Covered Steel Cond 


CLIFTON CONDUIT CLIFTON Unormored Sarsice Enonce Coble. 


CLIFTON (Clifte) Non-Metallic Sheathed 
CLIFTON Building Wire TW.R.RHOW.RR.5.5) 
CLIFTON Elbows ond Couplings CLIFTALL UF 


WRITE TODAY ; Z- — / MAIN OFFICE 
For Full Information i ‘ / 5 Montgomery St 
: Jersey City 2, N. J 
Weorehouses T phaut the Count J if FACTORIES 
/ “4 BALTIMORE, Maryland 
Representatives , MEMPHIS, Tennessee 
in Principol Cities 





WIRE RIGID CONDUIT ELECTRIC METALLIC TUBING CLIFTALL UF * 
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“The LIVE BETTER Electrically campaign 
offers exceptional opportunity for the electrical 
contractor, both in a business sense and in the 
contribution it can help him make toward the 
building of a better America 


os - ‘ ‘ ¢ 
eee SIX and d quarter One of the conservative estimates is that 


twenty-five million homes now are at such a low 

billion dollars’ worth level of electrical efficiency that modernization 
is urgently necessary for the minimum level of 

. 99 safety and economical operation 

of work eee Home electrical modernization alone is an 

estimated six and a quarter billion dollars’ worth 

of work. I have not the slightest doubt that the 

LIVE BETTER Electrically campaign will 

stimulate a most pressing demand for expanded 


electrical systems in the home.’ 


How you can make the most of 


LIVE BETTER... 


Nationally, and locally, the LIVE BETTER .. . Electrically 
campaign will make the American public more conscious 
of the benefits of electricity in the home. More than half of 
all homes in this country today were built prior to 1925. 
These homes were wired for lights and the few (less than 
twenty) electrical appliances then available. Today there 
are over fifty products and appliances the home owner plans 
to buy. Residential lighting, as we know it today, was never 
dreamed of twenty or thirty years ago 

The LIVE BETTER . .. Electrically program will build 


a demand for modern home wiring and the electrical prod- 
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Oliver F. Burnett 
President, National Electrical 


Contractors Association 


E/ectrically 


ucts that make a home more valuable, more comfortable... 


housework easier and less time-consuming. This demand 
will bring with it an even greater demand for proper wiring, 
both in older homes and new ones being built. 

A new 64-page book has been produced to help you help 


your clients live better electrically. In digest size, this book LIVE BETTER Electrically 
P.O. Box 505 


contains complete plans for “load-matched” residential wit 
Great Neck, New York 


ing systems a new and realistic approach to a steadily 


growing problem. For your copy, call or write your local Please send me a copy of book entitled “How to help 
home owners LIVE BETTER Electrical I en 


electric utility company, or mail coupon at right with 10¢ 
‘ close 10 cents to cover cost of handling 


to cover cost of handling 


Name 


Street Addre 
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»o keep wiring 
really liquid-tight with 
NEW 1&B Connectors for 
‘igual -tight flexible metal conduit 


Seal out all moisture, oil, and corrosive fluids with 

= this easy-to-install, self-grounding connector...a 
_— connector specially designed by T & B for Types UA 
and EF (J.1.C. Standard ) liquid-tight flexible metal 


conduit. 


Just push conduit into connector body and take 
up on gland nut until blue plastic ring appears. No 
PLASTIC GRIPPING RING 


need to disassemble connector. No twisting of con- 
© Seamless, pliable, ollproof plastic . 
lovmn sorted seat ith slastle ean duit. Same wrench fits both body and gland. 


duit sheath 

© Protects conduit sheath against Inte gral tapered body wedge positively grounds 
damage y \ y yg 

* Bive color gives visual installed in- metal conduit armor. Plastic-to plastic seal between 
surance of a proper ground. 


r 
I 
i 
I 
! 
I 
I 
i 


gripping ring and conduit jacket makes tight leak 
proof connection Straight connectors, 45° and 90 
elbows available for conduit from *.” to 4”. 


Send for sample and engineering data today. 


A CINCH TO INSTALL — 


Loosen gland; push conduit Tighten gland until blue 
into fitting. ling ring appears. 


A 








INTEGRAL TAPERED BODY WEDGE 


* Positive ground for metal conduit 
armor 

© Fits all thicknesses and convolu 
tions in standard liquid-tight flex 
ible metal conduit 
Grounding member integral with 
body 























LOOK FOR THIS SIGN— (ZariTiD IT’S THE MARK OF AN AUTHORIZED T & B DISTRIBUTOR 
The complete tine of T & B fittings for conductors and raceways is sold only by 
recognized electrice! wholesalers. it's our way of assuring you the service and savings 
of a friendly local source. Call him for all your electrical needs. 7326 


THE THOMAS & BETTS CO. 


INCORPORATED 
34 Butler Street * Elizabeth 1, New Jersey 
Thomas & Betts Lid., Montreal, P. O., Canada 


MANUFACTURERS OF FINE ELECTRICAL FITTINGS SINCE 1898 
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You can easily remove a single pole 
from any CLARK Type“PM’ Relay 


Each pole in the new CLARK heavy-duty relays is an integral 

unit that can be quickly removed or replaced from the front 

without disturbing other poles. You need disconnect only two 

wires and loosen one mounting screw—regardless ofthe number Each pole is 
of poles in the relay. Compare this with other types of relays contained in its 
where the whole device must be removed to accomplish the ©°W® melamine 
same thing. For example, with a conventional 6 pole relay, %*'"9 

14 wires and 3 mounting screws must be removed 

All terminals are located on the front. They are “pressure” type, 

eliminating need for looping wire. Coil-changing and magnet 

replacement can also be done quickly from the front without A short circuit through one set of contacts is 


fined to « gle po ‘ li not de 
removing relay from panel. Contined to a single pote and will not destroy 
the whole relay. Enclosed top protects from 


Write for Bulletin PL-7305 dust and dirt, and serves as wiring shelf 


Wlee CLARK e CONTROLLER Compan 


Engineered Electrical Control U | U 1146 East 152nd Street * © Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERG,LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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Introducing “Skimpy Wiring” 
to your homeowner customers! 
> 
More than 15,793,000 readers of the Saturday 
Evening Post and This Week national maga- 
zines will see this dramatic Kennecott ad 
featuring “Skimpy Wiring”—Dead End Kid of 
the electrical business! 








It’s another nation-wide advertisement 
in the Kennecott campaign for better 
home wiring with copper—a drive that 
helps you get more re-wiring jobs! 





SEND FOR FREE 
PROMOTION MATERIAL 
Let Kennecott help 


Send today for free reprints and poster- 
sized blow-ups of Kennecoftt’s full-page 
national advertisements. Get free copies 
of the educational booklet, "The ABC of 


1 
i 
| 
! 
! 
! 
. ! 
you with your own 
local better Wiring ; Home Wiring.” Ask for complimentary 
H , 
i 
! 
i 
! 
i 
! 
i 
J 


: t ' home wiring Wall Chart, mat service 
campaign, too! 


folder and list of af-cost prices for large- 
quantity orders of all material available. 
No cost, no obligation! Just write: 
Kennecott Copper Corp., Dept. EC 56, 161 
East 42nd St., New York 17, N.Y. 
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The Electrical Delinquent 
found in 35,000,000 homes! 


Look at that tangle of plugs and sockets! 


Note the frayed, weak-looking wiring! 
Skimpy Wiring 


for the electrical 


That's him, all right 
villain responsible 
voes of homeowners all over the nation 
H ato 
mur TV set twitch when other appliance 


aster that heats slowly? Does 


E] Kennecott 


go on’ Do your fuses blow of circuit 
breakers trip too often’ If so, beware 


you are a victim of Skimpy Wiring! 


Weak, worn-out home wiring cannot pos 
sibly deliver full power to your appliances 
It wastes electricity, can cause appliance 
failure, may even be a source of fire! 

If you see wigns of Skimpy Wiring in your 


own home all an electrical contractor or 


Fabricating Subs 
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Copper Corporati 


diaries: CHASE BRASS & COPPER CO. 


consult your local power company. Learn 


how easily you can have safe, adequate 
copper wiring installed to make your home 


more electrically livable 


Get FREE Booklet! “The ABC of 
Home Wiring” explains facts about your 
electricity, how you can make it serve you 
Write Kennecou Copper Corp., 
Dept. $46, Box 238, New York 46, N. ¥ 


better 


* KENNECOTT WIRE & CABLE CO 
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G-E LAMPS GIVE YOUR CUSTOMERS MORE FOR ALL THEIR LIGHTING DOLLARS 





Help Your Customers Cut 
Their Lighting Costs 


...and build sales and good-will at the same 
time. These new and improved G-E lamps 
can do many jobs better for your customers 
— save them money, increase your profits. 


NEW G-E LAMPS—Pach year 


General Electric introduce 


malhiy 

new lamp tfiat Can ¢ oper itit 
costs. One, the G-E Quartz Infrared 
imtroduced in } iiread p 
ing a ita roie i man maustria 
and research ipplicatior Hot enough 
to melt alumu 1 the re iecdl tO 
smulate the heat produced b uper 
sonic flight On aireralt part 

Another ¢ t-cut la precently 
announced by General Llectric | 
High Output | 
mo po ertul f iT ce neti 





The smallest and[hottest electrical heat 
source available (shown here melting alu- 
minum) the G-E Quartz Infrared permits 
reduced size in many applications because 


of the concentrated heat it produces. 





The G-E High Output fluorescent lamp gives 
40% more light than other fluorescent lamp 
types. It gives the most light per fixture— 
costs least to maintain 


tool. For top color 1 ai he ive 

the DeLuxe Cool or Warm White 
High Output which give as much 
lent a 


tandard 


other fluorescent Ly pe in 


Whites 


IMPROVED G-E LAMPS — Tl 
100-watt RC-1l mercury lamp be- 


came the best bargain for most 


dogr mercury lighting when G.E. in 
‘ 
cre ad it M il tr | 
j Thi ha ip ( i r iin 
i i | rol re i ht 
é li er- 
cl ble j ! 





Double-duty phosphor lining improves color 
and directs the light— 


color improvement 


gives more light with 
at less cost 


I he ent 
in lamp flame ‘ in- 
nounced by Gener | ‘ ite 
l The Be I I rm 
lar ps ive I lor 
the same wattage and are | ubiect 
to bulb blackeni: L he ined 
by thi increased ou ( ( jual 
the purchase price Ol Cc ial 





NEW 








Using the “stand-up” filament to increase 
light output by as much as 15%, the Bonus 
Line lamp is now available in 500, 750, and 
1000-watt sizes. Note reduction in bulb 
blackening after same hours of use 


GENERAL ELECTRIC TECHNICAL 
HELP G.E also helps 


t from their lighting 


users get the 
installation 
dollar. One 
helped 


iore for their lighting 


ol our field engineer recently 


i irge manutlacturer cut lighting 
costs by over $350,000 annually, with 
i oderate expenditure for a new 
t of lamp! And he increased his 
light level 50‘ it the same time 

It I unusual to find installa- 
ons operating at less than 50%, efh- 
cen General Electric engineering 
know-how is ready to help your 


customers realize the economies that 
come from the full exploitation of ex- 
isting lighting systems. For example, 

e publish hundreds of bulletins each 
year to aid operators in dozens of 
commercial and industrial light fields 


to improve the efhciency of theu 


lighting and decrease their costs 





FOR MORE INFORMATION on 


how } 4Canh use fie v General Electri 
la p Wnpro ed lamp ind General 


Electric technical help to cut your 
custome! cost write, Large Lamp 
Dept General Electric Co., Dept 
be N i Park, Cleveland ic. Se 
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FOR BATHROOM OR KITCHEN 
| . LOW priced AUTOMATIC 
avalier ELECTRIC HEATERS 


Absolutely NEW! Most ADVANCED! STAINLESS STEEL and ALUMINUM! 


Sell constant warmth at budget price! Cavalier’s means comfort without waste—-a plus value your cus 
new automatic bathroom heater never lets the tomers can't overlook 

room get cold never wastes current in overheat FLUSH WITH WALL. Space-saving wall insert design that 
ing. Accurate thermostat insures constant comfort. makes a completely flush installation. Trim and smart 
looking, with lasting beauty of stainless steel and alum 
Your customers will be surprised that automatic inum! Cool-edge exterior grille permits use with plastic 


And Cavalier bathroom heaters are priced low 


bathroom heat costs so little—gives so much extra tiles as readily as with ceramic tile. Grille is easily re 
convenience moved for cleaning Cavalier offers more good reasons 
why your customers will be completely satisfied for 
R ! ) AND 4—E HEAT AND HUMIDITY OF BATH years to come 
ROOM , Stainless steel exteriors and solid aluminum a . ; 7 ? 
refiectors of Cavalier bathroom heaters will literally last RIGHT, SOLID ALUMINUM REFLECTORS for a maximum 
a lifetime. Rugged construction for lifetime usage—o of sunny, radiant warmth. Aluminum reflectors are not 
feature your customers can see for themselves heat absorbent——they project all the heat into the room 
Your customers get all the heat they buy 
AU MAT MO AT CONTROL. No more waiting 
for room to warm up Cavalier automatic bathroom ELL WITH CONFIDENCE THAT YOU OFFER THE FINEST 
heaters give constant comfort. Superior quality, liquid All the genuine Cavalier quality Cavalier design 
filled thermostat gives quick, positive response to slight Cavalier manufacture at budget price! Show and 
temperature change. Designed for four times as much sell the newest and hottest, It's Cavalier a respected 
load os it actually carries. Sensitive and accurate control name since 1865 


2 3 . 2 you'll agree! These heaters will be among your most called-for items! 


See your distributor or write Electric Heating Division, Cavalier Corporation, Chattanooga 2, Tennessee. 
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Five-year-old installation of Sealtite is as good as the day it was in talled—ce pite onstant bath in ulphuri icid fume 
spray Note in contrast vhat fi ‘ we doing to crossbeam and metal pip 


Nopco Chemical Co. tels how Sealtite flexible, liquid-tight 


Flexible Sealtite is installed yotor into building so that elevator can be 


msec metal pipe. ..COSts 


Sealtite pays for itself twice ove) reports 
H. B. Colman, Plant Engineer Nopco Chemi- 
cal Company, Harrison, New Jersey 

“In some of ow departments, fumes are so 
corrosive they eat through wood and metal 
Originally, rigid conduit was used. But in 
three years it was so corroded it had to be 1 
placed. Five years ago we installed Sealtite 
It still looks like new ...and we expect it to 
last indefinitely! 

“Second, Sealtite saves time and money be 
cause it eliminates pipe bending. And no 
painting or maintenance is needed. We re re 
plac ing almost all of our rigid conduit witn 
Sealtite—both inside and outside the plant 


WHERE TO GET SEALTITE 


Electrical Wholesalers stock Types U.A. and 
E.F. Sealtite* flexible liquid-tight conduit 


in easy-to-handle coils. Be certain vou ask 


























Installed quickly by hand, Sealtite re quired no pipe bending, cutting or fit 


ting in ¢ mpl x installation 


conduit outlasts 
less to install 


for, and get, the quality conduit marked 


Sealtite on the cover. Buy Sealtite in long Outdoors, Sealtite outlasts rigid conduit is unaffected by rain and 
lengths and cut it on the job without waste unlight of itmospheri conditions 


now 


Special liquid tight connectors by Appleton 
Thomas & Betts, Gedney or Pyle-National are 
available. Free booklet S-537 gives full infor 
mation on Sealtite. Write to: The American h, extruded co v fa ~~ moisture, oil, dirt 


i rrosive ( oppe conducto yvound yirall ‘ Siti 
grass Company, American Metal Hose Divi xis ag sagen: ae 


sion, Waterbury 20, Connecticut 


Insist on the original 


SEALTITE 


an ANACON pA product COPPER BONDING CONDUCTOR 




















TAKE THE FIRST 
IMPORTANT STEP... 


To more profitable lighting installations in Schools, 
offices, factories, stores, and public buildings with 


SUN-LITE “Precision-Bilt” lighting units. 


irom the standpoint of light efficiency, quality materials. 
ease of maintenance, SUN-Lire lighting products represent 
exceptional value to the user, Quick and easy installation 


reduces the cost of this most important factor. 


WRITE US FOR YOUR FREE COPY 





of our complete catalog. 
This is the first step to more profits. 
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neal Lighting SPECIALTY SERIES . 5 . Pw rs == . When you light— 
<2 Two WenT 4 3? Hes — Be sure with Sun-Lite 














Sold through SUN-LITE MANUFACTURING CO. 


electrical wholesalers only 2555 BELLEVUE AVE. . DETROIT 7, MICH. 
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Why a million Amprobes 
save hours on the job! 


The Amprobe snap-around volt-ammeter production equipment keeps right on roll 
(circled above) measures voltage and current ing. You get to the heart of the problem 
instantly, accurately, safely. This pocket-size eliminate guesswork—save production employ 
too] saves your valuable time on the job while ees valuable time on their jobs 


On villion / obes in use tor i ? 
wes Amprobe ’ . lay make Pyramid Instrument Corp., Dept. M-56, Lynbrook, N. Y 


A mp) obe the tandard nap around lea end ¢ ‘ 


e bulletiy hecked below 
tester of the industry There’sa an 


Hiow t 
Amprobe for every job, every budget land more j 
from 10 amp and 250 volts to 1200 amp ) Tr mule shrew 
and 600 volta AC; from $19.85 to $67.50. 
NAMIE 

COMPANY 


AMPROBE oa division of Pyramid instrument Corp.. Lynbrook, N.Y ADDRESS 


world’s most popular snap-around [t-ammeter 


cITy 
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READER’S GUIDE 
TO GOOD 
CONDUIT SELECTION 


RIGID STEEL 
CONDUIT 


HOT GALVANIZED 


High quality steel pipe is first thoroughly cleaned by 
pickling in acid, then immersed in a bath of molten 
pure zin« After threading, a coating of tough, 
transparent enamel is baked on-—providing double 
corrosion protection of zinc and enamel—inside 
and out 


CONDUIT 


Nominal 
Wall 
Thickness 
(Inches) 
109 
113 
133 
140 
145 
154 
203 
216 
226 


237 


Nominal Diameter 
(Inches) 
Internal External 
622 840 
824 1.050 
1.049 1.315 
1.380 1.660 
1.610 1.900 
2.067 2.375 
2.469 2.875 
3.068 3.500 
3.548 4.000 
4.026 4.500 

5.047 5.563 258 

6 6.065 6.625 280 

Conduit furnished in 10-foot lengths, threaded both 
ends with one coupling. 


Threads 
Per Inch 


Feet 
Per Bundle 
100 
50 
50 
30 


- 
- 


. 
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For the design of modern electrical systems, 
only the best is good enough. In raceways, 
that means Youngstown Buckeye Conduit. 

First, a modern system must be adequate 
for tomorrow’s needs, as well as today’s 
Youngstown provides a complete range of 
types and sizes of conduit that will meet 
your requirement. 


f 


RIGID STEEL 
CONDUIT 


ELECTRO GALVANIZED 


After being threaded, reamed and carefully inspected 
this conduit is cleaned by pickling, then uniformly 
coated outside with zinc. A coat of tough, elastic black 
enamel is then baked on the interior, providing pro- 
tection as well as a smooth raceway for trouble-free 
wire pulling 


COUPLINGS 


Outside 
Diameter 
Inches) 


1.063 
1.313 
1.576 
1.900 50 
2.200 56 
2.750 ; f 25 
3.250 3.1: 

4.000 

4.625 

5.000 

6.296 

7.390 


Pieces 
Per Carton 


100 
50 
50 


Length 
Inches) 


1.562 
1.625 
2.000 
2.062 


- en 


Ub OwWNN = 


MAINTENANCE 








Second, conduit must provide complete 
safety. Youngstown Buckeye is a full weight 
standard threaded rigid steel conduit—the 
type of wiring system approved by the 
National Electrical Code—as moisture - , 
vapor - , dust - , and explosion-proof for use 
in hazardous locations and occupancies 

Third, a wiring system must be permanent- 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


RATORIE 


NSPECTE 
RIGID STEEL 
S, CONDUIT 


BLACK ENAMELED 


A protection, black enamel coating is applied inside 


and 
this 
form a 
against 
during 


Akar WON NS 


out by 
coating 


thickness of 
is then baked to 
finish—guarding 
forming operations 


When a uniform 
achieved, it 
high lustre 
bending or 


dipping 
has 
tight, elastic 
cracking in 
installatior 


been 


ELBOWS 


Offset 
Inches) 


Radius 
Inches 


4.000 
4.500 


400 


Pleces 
Per Carton 
6.500 50 
7.250 ne 
8.750 29 
250 10.500 20 
250 11.750 15 
500 13.500 10 
500 15.000 
18.000 
15.00 20.500 
16.001 22 000 

OO 41.000 

000 37.500 


OOO 


ly dependable. Youngstown Buckeye Con- 
duit has proved its dependability in thou- 
sands of installations, large and small, for 
nearly half a century. Many thousands of 
miles of this product are in service today. 

Specify and use Youngstown Buckeye 
Conduit whenever you design a modern 
electrical system. 


THE YOUNGSTOWN SHEET ANO TUBE COMPANY 
K 
“$e ey» 





UNOCR WRITERS 
LABORATORIES ine 
INSPECTED Vv 
Oo ELECTRICAL ™m 
METALLIC TUBING 





MADE IN YOUNGSTOWN, OHIO USA 


ELECTRICAL METALLIC TUBING 


Absolute uniformity of weight, wall thickness and 
concentricity, plus protective outside coating of pure 
zinc and baked-on elastic enamel interior, forms this 
modern mirror-smooth raceway. Lightweight, easy to 
handle, no threads to cut, bends readily and assures 
safe, economical, life-time electrical installations 


ELECTRICAL METALLIC TUBING 


Neminal Diameter 


Nominal 
(Inches) 


Wall Thickness 
(Inches) 

042 
049 100 
057 100 
065 50 
065 50 
065 30 


without 


Feet 
Per Bundle 


100 


Internal 
622 
824 
1.049 
1.380 
1.610 
d 2.067 
EMT furnished in 


( ouplings 


External 
706 
922 

1.163 
1.510 
1.740 
2.197 


10-foot length 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel 


General Offices - - Youngstown 1, Ohio 


District Sales Offices in Principal Cities 


Ask your distributor for Youngstown Buckeye Full Weight Rigid Steel Conduit and 


Youngstown 


ELECTRICAL 


Electrical Metallic Tubing 
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Contractor: 
Joseph J 


Architects 
p 


Client 
Ji 


Requirements: 


A shadowless light of high intensity 

. uniform distribution without 
direct or reflected glare... plus 
quality acoustical control . 


Specitications: 


9.132square feet of Acusti-Luminus 
Ceiling manufactured by Luminous 
Ceilings, Inc. to provide 60 foot 
eandles of light maintained at 

desk level. 


Glare-free, evenly diffused light 
through a suspended, translucent 
ceiling that hides pipes, ductwork 
and sprinkler systems. Made from 
unbreakable, corrugated Lumi- 
Plastic with Acusti-Louvers to 
quiet distracting noises. 


Award-Winning Entry 
Office of Merit, 
Architectural Forum 
October, 1954 


Write today tor 
illustrated booklet: 


sam uminous Ceilings, Inc. 
4 iN \ h Ave lient. Be 


/ 





Engineering Design Data for 


UPTEGRAFF 


LOAD CENTER 
TRANSFORMERS 


(150-2500 KVA) 


U ptrgrall pone et enter Traadormers 


- rit Dimension* ne eight» 
ie Ul Dimer a ig 
» Be iW 


Addinions © For Throats 


Uptegraff announces a new series of Liquid Filled Load 
Center Transformers, made in eighteen ratings, from 150 
to 2500 KVA., 3-phase. Designs are based upon extensive 
experience with this type of transformer, and represent 
modern engineering and manufacturing practice. 


To simplify the selection and arrangement of auxiliary 


4 Throat De tails 


equipment, we have prepared a unique brochure, some "Bashing Comtere 


pages of which are shown here. With this brochure, you at Treats et 
can readily determine overall dimensions, total weights 1; a 

anc other information for any combination of the Basic 

Transformer Unit with various types of switches and acces- 

sories. A check system permits the easy and accurate locat- 

ing of desired data pertaining to various arrangements of 

properly rated equipment for any selected basic unit. We 


will be glad to send you a copy, free. 





for a free copy of this 20-page data book, giving 

d important and useful information on Uptegroff 

én Load Center Transformers. Fill out and mail the 
coupon below 


 calestiendioesteetenstenetendinntntantentaetestiententantendtententetentententente 





R. E. Uptegraff Manufacturing Company 
Scottdale, Pennsylvania 





Please send a copy of your LOAD CENTER TRANSFORMER 
brochure Catalog 132, to 


| 
— | 
R. E. Uptegraff Manufacturing Co. ! om 
| 
! 


Position 


Scottdale, Pennsylvania Company 


Address 
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dhe ag te POW ge meee 


This could be you—‘In the Land of No Distributors’ 


Who needs lamps at a time like this — ahead of eighty- * You'd go “telephone crazy” placing hundreds of calls a day 


eight missing items that are holding up the job .. but it to various suppliers miles away —to say nothing of the 
could happen to you if there were no distributors! You'd expense. 


be forced to place orders direct with hundreds of differ- 
ent manufacturers located all over the country. Barring * Your Order Department and Accounting Department would 


miracles, deliveries would be disorganized and a tangled have to be increased a hundredfold — and how about 
mess credit? 


What's more... in the Land of No Distributors It’s different when you deal through distributors. You 
¢ You'd be pestered by an army of Manufacturers’ Salesman. tap their inventories for all the equipment and sup- 


¢ There would be no such thing as emergency ‘“over-the-coun- plies you need. You get it all—exactly when you need 
ter” service. it. He’s the one source for everything electrical = 


* You'd have to carry a tremendous inventory, and insure it. and he’s LOCAL 


YOUR DISTRIBUTOR IS THE BEST FRIEND YOUR BUSINESS CAN HAVE! 


/\:'s'<%) TRIANGLE CONDUIT & CABLE CO., INC. 


NEW BRUNSWICK, NEW JERSEY 


Manufacturers of Arteries for Electricity, Liquids and Gases 





“iT musT ae RIONT!’ Wipe »« CABLE + CONDUIT + PLASTIC PIPE + BRASS AND COPPER TUBE 
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Neo. 116 available in 
models 
116—240 
—440 
—240R 
—440R 
—248 5S 
—448 5 
—296 §$ 
—496§ 











S. (118v.) 
S. (118v.) 
L. (430 ma 
L, (430 ma 
L. (430 ma 







} 
tL. (430 ma) 


these Electrical 


Quality white fuvorescent 
lamphoiders with combination 
blocks, Glow-type 
starters included. Ballasts 
H. P. FF, 118v., 60 cy. A. C 
Also available with H. P. F 
Rapid Start 118v., 60 cy. and 
Rapid Start 277v., 60 cy 
E. T. L. Ballast 


starter 


) 
) 


PLEXITONE No. 116 


1 x 4 surface unit 


is 
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b 4 
Moog OOH), 
4 rs i 
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it 
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Ne. 117 available in 
models 
117—420 
—620 
—820 















—620 T.S. 
—820 7.5 


—420 T. S. (trigger start) 


Electrical: 

Bollasts L. P. F. 118v., 60 cy 
A. C., Standard or Trigger 
start. C. B. M. Certified H., P. F 
also available with standard 
start Glow Type starters 


these 


PLEXITONE No. 117 


2 x 2 surface unit 


(also available in recess) 





24; em —— 





























Ne. 120 available in 
models 
¢ 120—440 

——440 R. S. (1 18v.) 
—4486 §. L. (430 ma) 
—640 
—640 R. S, (118v.) 
—648 S. 1. (430 ma) 
—840 
—840 R. S. (1 18v.) 
—848 S$. L. (430 ma) 
—1040 


— 1040 R. S. (1 18v.) 


— 1048 S. L. (430 ma) 


these Electrical: 
Quality white flvorescent 


lampholders with combination 


starter blocks. Glow-type 
starters included. Ballasts 
H. P. F., 118v., 60 cy. A. C 


Also available with H. P. F 


Rapid Stort 116v., 60 cy. and 
Rapid Start 277v., 60 cy 
E. T. L. Ballast 


PLEXITONE No. 120 


4 x 4 Recess unit 





- 47 j mate 4 
Pe ii eee ee es | 
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Ne. 134 available in 
models 
134—440 










—440 R. S. (1 18v.) 
—446 S. L. (430 ma) 
—640 

—640 R. S. (1 18v.) 
—646 S. L. (430 ma) 
—840 

——840 R. S. (1 18v.) 
——848 S. L. (430 ma) 
— 1040 


— 1040 R&R. S. (1 16v.) 


— 1046 §., L. (430 ma) 


these Electrical: 


Quality white fluorescent 
lamphoiders with combination 
starter blocks. Glow-type 
storters included. Ballasts 
H. PL F., 118v., 60 cy. A. C 
Also available with H. P. F 
Rapid Stort 118v., 60 cy. and 
Rapid Stort 277v., 60 cy 
E. T. L. Ballast 





re 





PLEXITONE No. 134 « 


4’ «x 4 surface unit 


“6 


f° pd 
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ACCESSORIES 
#IA 





is standard 





#2A 















































Twin-stem hangers and Canopy (10 


conters) avoilable in any length. 24 


SOLD THROUGH WM. PENN DISTRIBUTORS 


length 


Single-stem hangers and Canopy. #2A available in any length. 24” length is standard 
#2059 Flex Studs avollable to held plastic dish in “hinged” position for easy maintenance 
ljastic frames and yokes for recess hanging 


ENGINEERED LIGHTING 


Wn PENN 


FLUORESCENT LIGHT MFG. CO. 
1429 S. 23rd St. ¢ Phila. 46, Pa. 


*®Wm. Penn Fivorescent Light Mfg. Co 









Wm. Penn Fivorescent Light Mfg. Co. 
1429 S$. 23rd St., Phila. 46, Pa. 


Gentlemen: 
Please send free catalog 
Nome 
Company 
Address 


City Wate 














Designed for the 


pest Spot 





In Your Plant 


SAFE 


Here’s a transformer you can safely install 
anyplace without worries. 


@ Fire or Explosion Hazard Eliminated — 
Unit is hermetically sealed in inert-dry-nitrogen 
atmosphere. 

@ Completely Protected—Can be placed safely 
in flood areas, dirty and contaminated atmospheres, 
or in open work areas without vaults or barriers. 

@ Insulation Life Increased — Core and coil 
assembly is sealed in inert gas. Eliminating oxida 
tion reduces thermal aging of insulation. 

®@ Maintenance Requirements Cut — E!imina- 
tion of cooling tubes and use of smooth tank surface 


reduce paint area as much as 60%. No internal 


in any location regardless of 
Atmosphere or Moisture Conditions 


liquids to maintain. All-welded construction. Num- 
ber of gasketed openings reduced. Cleaning of core 
and coil eliminated. For these reasons, unit can be 
installed in hard-to-get-to places. 


® Low Installation Cost — Unit is ready to be 
energized immediately upon delivery, after check 
to make certain no damage or leaks have occurred 
during shipment. 


Allis-Chalmers transformers have an outstanding 
record of satisfying thousands of users all over the 
country. You can get the complete story on Allis- 
Chalmers sealed dry-type transformers from your 
local A-C office, or write Allis-Chalmers, 
Equipment Division, Milwaukee 1, Wisconsin. 


Power 


©) ALLIS-CHALMERS 
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Deadiat Bb aesce | 


Please send me without obligation further information about the following: 5.56 


FOR MORE INFORMATION ON Product News and Product Briefs, Item Number 


LIC IC OL ILL IL 
NEW PRODUCTS we a a 


CATALOGS, BULLETINS —"~-se 
7 Oooo 


ADVERTISEMENTS 


USE THESE CARDS > ADDRESS sauces hee ceeeealedicaceseense eee 


@ PRODUCT NEWS, PRODUCT BRIEFS: ELECTRICAL CONSTRUCTION AND MAINTENANCE — A McGraw-Hill Publication 
. NOT GOOD AFTER JULY 1, 1956 














































Use first line of boxes. Insert item numbers 

















































of products on which more information is Please send me without obligation further information about the following: 5.56 
desired. Product News and Product Briefs, Item Number 
@® CATALOGS, BULLETINS AND ENGINEER- L I St i J L IL II J| 
ING DATA: ; Catalogs and Bulletins, Item Number 
Use second line of boxes. Insert item numbers L _| | ail | | | it L | a _| 
of literature desired ; Advertisement on Page 
@ ADVERTISEMENTS: L iL IL dt || II JI dL es 





Use third line of boxes. Insert page numbers : NAME . 


of advertisements on which additional infor- COMPANY .. 


ADDRESS 


mation is desired. Where more than one ad- 


vertisement appears on the page, includethe : | «0 reer seer eee eens sess 
manufacturer's initials. ° , cre eee eee eee coe e reer eee eseeves 


NOT GOOD AFTER JULY 1, 1956 


IMPO RTA Ni.. Your Nameand address will be reproduced and sent 


@ PLEASE PRINT LEGIBLY to the appropriate manufacturers. Illegible or incom- 





@ USE BLACK OR DARK BLUE INt plete addresses may result in your not receiving the 


Jv 


information you desire, 
@ DO NOT USE PENCIL OR RUBBER STAMP 



















ings fron ht 1) hor epower; at A new, improved BX armored cable NATIONAL PRICE SERVICE, Dept. A 65 
dividual poe oad : "ts neered for in ‘ mploying thermoplastic insulation 13601 Euclid Avenue, Cleveland 12, Ohie 
“Allie-t “ol i ee on the individual conductors. The in 
eae a llation eliminates the need for braid Please send complete details about 
wa on the singles, provides color-coding your service immediately and without 
that goes all the way through, and obligation to 
makes stripping quicker and easier 
Bathroom Brackets (2) with no time wasted in trimming - 
raid. The new cable is available in — 
New 14- and 15-watt trigger-start three, and four conductors in 
fluorescent bathroom bracket are all standard sizes. It is listed by the Conpany 
equippe i vit G.E.’ new trigger! Underwriters’ Laboratori« Inec., and 
start ballast. Both the M-358 15-watt rated 600 volt Address 
and the M-348 14-watt trigger-start General Electric Co.., Bridgeport 2, 
fluoresce nts have canopy switche s, Conn, Ow sone sate 
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FOR MORE INFORMATION ON 


NEW PRODUCTS 
| GATALOGS, BULLETINS 
ADVERTISEMENTS 


@ USE THESE CARDS 


@ PRODUCT NEWS, PRODUCT BRIEFS: 


Use first line of boxes. Insert item numbers 


PLACE 2¢ 
STAMP 
HERE 


The Editor 

ELECTRICAL CONSTRUCTION AND MAINTENANCE 
330 West 42nd St., 

New York 36, WN. Y. 


of products on which more information is 
PLACE 2¢ desired. 
STAMP 


HERE 


@ CATALOGS, BULLETINS AND ENGINEER- 
ING DATA: 
Use second line of boxes. Insert item numbers 
of literature desired. 
The Editor 
ELECTRICAL CONSTRUCTION AND MAINTENANCE 
330 West 42nd St., 
New York 36, N.Y. 


@ ADVERTISEMENTS: 


Use third line of boxes. Insert page numbers 
of advertisements on which additional infor- 
mation is desired. Where more than one ad- 
vertisement appears on the page, include the 


manufacturer's initials. 
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IMPORTANT... 


@ PLEASE 


Your Nameand address will be reproduced and sent 


to the appropriate manufacturers. illegible or incom- 


PRINT LEGIBL 


plete addresses may result in your not receiving the @ USE BLACK OR DARK BLUE -INK 


information you desire ' 
a ( NOT USE PENCIL 


OR RUBBER STAMP 


in flood areas, dirty and contaminated atmospheres, 


or in open work areas without vaults or barriers 
® Insulation Life Increased — Core and coil 
assembly is sealed in inert gas. Eliminating oxida 
tion reduces thermal aging of insulation. 
® Maintenance Requirements Cut — Elimina- 
tion of cooling tubes and use of smooth tank surface 


reduce paint area as much as 60%. No internal 


to make certain no damage or leaks have occurred 
during shipment. 


Allis-Chalmers transformers have an outstanding 
record of satisfying thousands of users all over the 
country. You can get the complete story on Allis- 
Chalmers sealed dry-type transformers from your 
local A-C office, or write Allis-Chalmers, Power 
Equipment Division, Milwaukee 1, Wisconsin. 


> ALLIS-CHALMERS 
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xplosion-proof and 
t tight standard duty EFS and 

duty HEFS pushbutton and 
ctor switch stations. The line is 


( 


ivailable in surface mounting types 
for control circuits of 600 volts ac 
naximum, for use in hazardous loca 

ns, Class 1, groups C and D. Both 
tandard duty and heavy duty typ 
ire furnished in a variety of single 


and two element station single or 


double pushbuttor . ingle selector 
witch or single pushbutton and 
They are offered 


roe ker 


switen unit 
button 


arm actuated mex 


elector 
in either operated or 
hanisms, The rocker 
rv actuated types 


| assure smootn, 
under corro 


interiors are inte 


non-freezing 
e conditions, All 
They can be furnished in 


operation 
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iulti-gang and tandem units and in 
ombination with other R&S EFS de 
vice Literature 2156-4 is available 
Ru ll & Stoll ¢ 
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Armored Cable (4) 


new, improved BX armored cable 


ying thermoplasti insulation 
mductors. The in 


the need for braid 


he individual « 
ilation eliminate 
on the singles, provide color-coding 
that goes all the way through, and 
al tripping quicker and easier 
time wasted It trimming 
The new cable available in 
three, and four conductor in 
ill standard sizes. It is listed by the 
nderw ters’ Laboratoric Ine and 
rated 600 volt 
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What is a 
FAIR 


Price? 


To be FAIR, both 
your customer and 
you must profit. 


National Price Service 


suggests fair resale 


prices for electrical 
materials and tells you 
from 


what they cost 


day to day. 


Keep current. 
Be fair to yourself. 


NATIONAL PRICE SERVICE 


Published by Henderson-Hazel Corp. 


13601 Euclid Avenue 
CLEVELAND 12, OHIO 
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NATIONAL PRICE SERVICE, Dept. A 65 
13601 Euclid Avenue, Cleveland 12, Ohie 


Please send complete details about 


your service immediately and without 


obligation to 


Nome 
Company 


Address 








City 
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FITTINGS---- 





- +++ FOR YOUR 
100 AMP SERVICE 


REQUIREMENTS— 
ammonium § —USING SERVICE 
mene = ENTRANCE CABLE 


National Electri« Where local 
Code 4 codes permit 





" 
1 H 


| 


if 
j 
oe. 





¢ Here is an index of Midwest 
Catalog items, designed to meet your 
specifications for fast and rugged in- 


ENTRANCE HEAD 


s 


stallations of modern 100 amp service 
WATER-TIGHT CONNECTOR ~ 


2424 (threaded for 


] hub 


entrances — using service entrance 
cable. 


’ 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
‘ 
‘ 
' 
) 
’ 
' 
' 
’ 
s 


beccccccecgeseccesesse 


‘ 


¢ This is a convenient guide to help 
you in selecting materials for these 
special installations. 


NON-WATERTIGHT CONNECTOR 


63 KO #632 (1 K.O 


SILL PLATE 
sP.3 sp UTILITIES 


Our engineers have worked with 
utilities in various areas of the 
country in developing fittings for 
entrance cable. We invite your in- 


quiry whether it involves copper or 
aluminum conductors. 





Yom. 
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MANUFACTURERS OF ELECTRICAL WIRING PRODUCTS 


1639 W. WALNUT STREET 


Chtcage 12, VUlinets 
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Pioneers in Fluorescence 


lengt) since its inception. 
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Modern, functional de- 


t signs to harmonize with 


' any architectural motif. 
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hting 
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Stock fixtures adaptable 


for all lighting layouts. 
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ne purpose ofl 


5 manufactured by WILEY 
oom with ETL Certified Electri- 
cal Components. 


: veloj | Units designed for quick, 
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easy erection. Aminimum 
of on-the-job assembly. 
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ace one 


Patented E-Z Servicer. 


‘ it one 


Designed and completely 


r 
meters from 
In 4-in 
, 
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EMI 


District Sales Engineers Available 
for Prompt Co-operation 


For Full information, write 


WILEY 


Dearborn at Bridge Street 
BUFFALO 7,N. Y. 
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Conforms to the standards 
LA Lil me 4 141414: Lee A de 


Connector Institute 


DOSSON “\F" 
SPLIT BOLT 
CONNECTOR 


Fabricated from high strength alloys (better than 
average steels), the Dosson “F”’ is cold-formed for 
uniform quality. Maximum contact pressure is 
assured by a high translation of tightening 
torque. Full length pressure bars with rounded 
edges prevent load concentration and crushing 
of conductor. Built to withstand high overload, 
vibration. Highly corrosion 

resistant. 


Mail coupon for FREE 
Dosson ‘FF’ Connector 


RP. 
possEAt MFG. CON” 0) yy, 


249 Huron gt., Brookly™ 


Gentlemen: 


Please rush tre 
sheet. 


Name 


e sam ple 


Company 
Address 


Canadian Distributor: W. S$. Gerrie & Assoc. Ltd 
4158 Dundas St. West, Toronto 18, Ontario 


DOSSERT MFG. CORP. 


249 Huron St., Brooklyn 22, N. Y. 
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plant 

‘ basi 

plate peome of the im 

ent are increased hbattery 


nigner nstantaneous 


cnarye 
rates; reduced maintenance because of 
less frequent additions of water, more 
effective sealing, and easier cleaning; 
ready adaptability to cycle as well a 
float service. The new design jars and 
covers are made of heat resistant 

ck ab roing polystyrene 


and 
Covers 

ealed to jars and terminal posts 
» keep out dirt and prevent leakag« 
of electrolyte 


; 


Large electrolyte re- 
oir at bottom of jar provides 
ample space between bottom of plates 
and jar to accommodate full amount 
of sediment whether it be in float o1 
cycle ervice, 
Kvide Industrial Division 


Ste 


Rlectriu 
ywrage Battery Co., Box 8109, Phila 
delphia 1, Pa 
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and refrigeration equipment, 
regulators, fan motor 

chines. They may be us 
power-factor vement 
general purpose at 


terminal 


application 
structure leak-pr« 
mpre on-sealed, with p 
nsulato. and fork-lug 
Quick-connect terminal 
dout le bla le type in | 
lug variety, are also 
nstantaneous connection of 
without dering. Bullet 
available. 


Cornell-Dubilier Electric 
South Plainfield, N. J. 
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ce luminaire for 


al é le hamburger 
tands i ‘ imi d ea he Wakefield 
Con 1 rn ion Ohio i fe acrylic reain @x~- 
truded by Southern Plasti ” Columbia, 8. ¢ 
Irvin Korach, Donald 


Smith irchitects, Miami 


y Uerhilty.. hile leghling 


with diffusing panels of Du Pont LUCITE’ 


lone to make the recently con are light in weight 
urger stands truly spots “fit for 


and easy to handle... maintain their 
t clarity and beauty 


a happy blending of operating Du Pont 


Lucite” can be formed readily into desired 


shapes and is available in a wide range of tran parent and 
translucent color 


he selection was an ol 


ing vious 
ppealing lighting both indoors Send for free, new booklet. This new 12-page illus 
of extruded “Lucite trated booklet describes ali the latest property and applica 
Diffu in for lighting. For your 
are Iree Copy, writ to | I. du Pont de Nemours & Co. (Inc ) 
micals Dept., Room 445, Du Pont Building, Wil 

Lucite” mington 98, Delawar 


acrylic resin transmit opti 


mare OF hadow They 


tion data on “Lucit acrylic f 
mum if 


strong f loration, and dimensionally Polych 
tab) i tion 


matter. Panels of 





qupom a 

















FLAT TWIN 
PARALLEL 


ROM 


ELECTRICAL WIRE & CABLE CERTIFIED 


To: Western Insulated Wire Co. 
Los Angeles 58, California 


Please send me your free brochure describ- 


ing Bronco 66 Certified 
NAME 
COMPANY NAME 


ADDRESS 


ELECTRICAL 


CONSTRUCTION AND MAINTENANCE 


(12) 


-velopments in watthour 
w accurate metering on 
ip to 200 amps with current 
sing directly through the meter 
eliminates the cost of meter 
transformers and their cabinet. Type 
S socket has been designed specifically 
this new application. It has a 
2U0-amp continuous rating without 
overheating and is available with full 
rated circuit closers. Lay-in type lugs 
accept up to 300 MCM wire. Current 
carrying jaws are silver plated and 
pring loaded. Enclosure is available 
for surface or semi-flush mounting 
for plaster-stucco, woodsiding or brick 
veneer construction. 
Square D Company, 6060 Rivard 
St., Detroit 11, Mich 


Motors (13) 


A new line of “Linc-Weld” motors 
with extruded plastic’ insulation. 
They are available in standard sizes 
from 1 to 40 hp, and built in the open 
type frame and torque design B 
They comply with NEMA specifica 
tion The new thermosetting plastic 
insulation is molded into and around 
the stator winding. The motor stator 
is placed into a die and the plasti 
material forced into the die unde: 
the proper heat and pressure The 
liquid plastic resin is extruded 
through the stator slots, covering the 
tator winding. After the plastic 
resin “sets”, the stator is removed 
from the die. 

Lincoln Electric Company, Cleve 
and 17, Ohio 


Induction Regulators (14) 


I » new induction regulators, 
termed RM (repetitive manufacture) 
er announced The new, oil 
nduction units employ stand 
ardized designs and ma production 
method They utilize an improved 
winding method which increases in 
ulation life, and reduces the size of 
he rotor assembly. The 125-kva, 
2500/5000-volt RM unit supplants 
even old ratings from 62.5-kva to 
125-kva, at savings ranging from 1% 
t -%. The 114.3-kva, 7620-volt RM 





This circuit breaker 
can pay for itself 


in 15 seconds 


Snap! And the power is on again. It’s that simple with 
a Westinghouse AB De-ion® circuit breaker. Unlike 
other protective devices, it quickly restores power with 
just a simple flick of the finger—no valuable time wasted 
i0oking for fuses, no fuse replacement costs, no need 
even to call a maintenance man. The trip position of the 
breaker handle quickly identifies the affected circuit. 

Today’s buildings—with a wide range of electrical 
equipment from fans to floodlights—require positive 
insurance against overloads and short circuits. And 


when overloaded circuits go dead and business stops 





cold, that’s when Westinghouse circuit breaker pro- 
tection pays for itself many times over by restoring 
electrical service quickly, effortlessly — with practically 
no loss of valuable time. 

‘When you consider circuit protection for today’s 
buildings, it will pay you (and your clients) to specify 
Westinghouse AB circuit breakers. Your Westinghouse 
representative can offer you a complete range of cir- 
cuit breakers for every application. Call him, or write 
to: Westinghouse Electric Corporation, P.O. Box 868, 


Pittsburgh 30, Pennsylvania. J-30193 


WATCH WESTINGHOUSE ! 


WHERE BIG THINGS ARE HAPPENING FOR vou 


TRUCTION AND 


MAINTENANCE MAY 





the compact SIMPACT 


Get easy, accurate 
operation with this 
quality ratchet 
threader 


TOLEDO SIMPACT 
SELF-CONTAINED 
THREADER 

Save time—save effort save money 
with a TOLEDO SIMPACT Just look at 
these outstanding features; cam type 
quick action pipe holder—die 


in seconds 


change 
easy to operate—self con 
tained—cuts leakproof, accurate threads 
One set of high-speed dies cuts four 


sizes, 1° to 2” pipe 


NO. 78 
PORTABLE POWER 
DRIVE 


Most 
drive 


lightwe ight 


$ provide rapid 


up Works with « 


threader handle 


to 2 pipe Write 


complete informatior 


turdy con 


ety t na i toidir 


a a 


. —~ 


NO. 68 TOLEDO 


PORT-A-PONY 


A 26\b. power drive for pipe threading 
lifting, cranking, turning, pulling, wind 
Works 
Carry it anywhere 


ing Versatile and powerful 
with any threader 


See it at your supplier's today 


P———-""—™)_ THE TOLEDO PIPE THREADING MACHINE COMPANY 


—__—" 


1445 SUMMIT STREET 


TOLEDO 4, OHIO 


BUILDERS OF THE WORLD'S FINEST PIPE TOOLS 


she) 520) 


PIPE THREADERS + PIPE WRENCHES + PIPE MACHINES 
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Schenectady 


Outlet Box 


n box, fully 
he need for grounding on ! 
“The li i ire resistance 
nds and is not affected by 
Corro atm ynere uch 
yuntered in barns and certain 
T trial lo 0 . will not attack 
It will withstand high operating tem 
peratures and fire resistant. It i 
available indard round knock 
put Boxes furnished with or 
vithout inter? 


The material 
and application ; listed Under 
writers’ Lal 


, j , 
orcelain ro / ” " 


| 
Clamps 


ndlay 
Oh 


Explosion-Proof Motor 


(16) 


explosion-proof 
NEMA frame 405 


n 
They meet the requirements 


new line of 
rough 

yu location ypaseous, ex 

t, and explosive grain dust. 

pecially treated to resist 

Oo} dust and cor ve atmos- 
phere ind feature extra long flame 
paths at shaft and bracket fits. Motors 
* available in standard, geared, or 
eed models, with optional 

to meet individual require 

Sterling Electric Motors, Inc., 5401 
Telegraph Road Loe 


ai 


Angele s 22, 





Time is money and Alkco 800's 
save electricians’ time. This 
means more profit for the con- 
tractor. The beauty and lifetime 
construction of the 800's assure 
customer satisfaction. 





PRODUCT SELECTOR 


with Application and Installation Data... 


This 36-page book is crammed ful! of just the kind of information you 
need to save time, effort, and money on residential, commercial, and in 
dustrial wiring jobs 


. Pre-wired incandescent socke? 
—saves wiring time. 

. Interchangeable junction box. 
Use top mounting (3) for easy 
wire pulling. Side mount (4) 
where space is limited. Besides providing complete buying information on the more than a thou 

. Mounting strap secures fixture sand separate items in Clark’s American line of utility service products, it 
in place in 30 seconds—fits vary- shows rough-in dimensions, load-carrying capacities and other pertinent 


ing joist spans, saves costly application and installation data 
framing out time, 


Lifetime Specular Aluminum In addition, it contains: a complete section devoted to engineering data 
Reflector. such as wire and conduit capacities; formulae for determining amperes, 
horsepower, Kilowatits and KVA; ampere ratings of AC and DC motors; 


5 different frame finishes @ appliance load requirements; etc., etc. 


5 different glass diffusers. 


This book will be a valuable reference source 
WRITE FOR FREE DESCRIPTIVE FOLDER 


in your files. Write for your copy today, 


ALKC® mec. co. : American 


A wide variety of stock incandescent and 
fluorescent fixtures — recessed or surface 
mounted — plus highest quality custom 
work tool 


ELECTRIC SWITCH OS VISION 


4242 N. Lincoln Ave. *® Chicago 18, III. 
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STURDI-BUILT | mame 


(17) Mathias Klein & Sons, Chi- 


cago, lL, now offers an improved 


CABLE SU PPORT SYSTEMS spring plier utilizing a coil spring just 


below the hinge. ... (18) A portable 
drafting machine, called the Draftette, 
which clamps to the drawing board or 


VN ketch pad, is made by David Miller & 
Associates, Beverly Hills, Calif. 


(19) A series of acid organic type 


il at A FAT chemical wire strippers have been de- 
© veloped by the London Chemical Com- 

OC pany, Inc., Melrose Park, Ill. ... (20) 
A right-angle attachment, No. 568, 




















for air- and electric-driven impact 
wrenches has been announced by the 
for faster Thor Power Tool Co., Aurora, Ill... . 
(21) General Electric Company, Syra- 
cuse, N. Y., has announced a new two- 
IN s TA T J A TJ O N Ss way radio communication equipment 
O A 44 O cabinet for housing transmitter, re 
ceiver and power supply chassis at a 

fixed location. 


@ Designed for interlocked Armor Cable, Type RH Cable and 
Process Tubing. Available in either STEEL of ALUMINUM. (22) A new “Tuffex” dual-purpose 
Standard widths of 9-12-16 and 20 inches. Complete line electric radiant heating cable has been 
enibraces BENDS, CROSSES, TEES & REDUCERS. 


developed by Everwarm, Inc., Knox- 
ville, Tenn (23) A complete new 
line of handy box covers, developed to 
meet the requirements of every handy 


‘ box installation, has been announced 

CABLERACK ‘ by Keystone Manufacturing Co., Cen- 

“eS ter Line, Mich. . (24) The Gen-A- 

© Three inch Channels «4 Matic Corp., Van Nuys, Calif., has 

and Radius Formed : cS added two new lightweight generators 

Cross Rungs provide a ; 
rigid, economical 

means of support 

for all types of (4 ; (25) Bloomfield Tool and Gauge Co., 

Cables plus NEAT 
APPEARANCE 


to its line of portable and standby elec- 
tric plants 


Pontiac, Mich., has developed a new 
ladder type hoist. .. . (26) The Art 
Metal Company, Cleveland, Ohio, has 
developed a recessed Amcolens, whic! 

CABLETR () lJ 5 H is made of clear glass prisms, and in 
' stalled in Eliptisquare lighting units. 

7 -_ . (27) General Electric Co., Schenec 
tady, N. Y., has added to its line of 


Primarily designed for sup- 
»ort of one large or ma : 
eal line Acaileible oy 3 butyl-molded instrument transformers 
and 4 inch widths Clear a 600-volt window-type for switch 
square openings provide ‘ board and switchgear applications 

ample ventilation. 


(28) Phaostron Instrument and 
Electronic Co., South Pasadena, Calif., 


CABLETRAY has announced a new line of 34-in 
rectangular custom meters... . (29) 


WITH OR WITHOUT ¢ Pioneer Signalite Co., a division of 
COVERS LOUVERED Angelus Aircraft, Inc., Los Angeles, 

' OR SOLID Calif., has introduced | a “Big-Flash ! 

COVERS construction warning light, capable of 
2100 hours of continuous operation on 


swertcomanyRH Cable All Sections and Fittings | °° Ory cel battery: oe”) er 


and Process Piping dis changeable terminal blocks with alu 
1. , 2 
tribution problems include the pop SIGF . > minum current-carrying parts have 


been introduced by the Wama Com 


STURDI-BUILT >t. Pr. For pany, Baltimore, Md. 


(31) Kaar Engineering Corp., Palo 
Alto, Calif., has developed a new and 
small low power industrial radio tele- 


NO BOLTS « NO NUTS phone specifically designed for instal 


lation on materials handling trucks 


NO WASHERS s NO PINS messenger vehicles and transportati 


units .. (82) A momentary contact 


The CHALFANT PRODUCTS COMPANY, Inc. | stitch in two models, rated for 6 amp 


at 125 volts or 3 amps at 250 volts is 


11525 Madison Avenue DEPT. B Cleveland 2, Ohio announces by the Meu Manufac 


turing Co., Inc., Valparaiso, Ind 


7 
Quickly gaining popular- 


ity- The STURDLBUILT 


Cabletray gives the an 
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When Your Plans 
Call For 


FITTINGS & 


SWITCH BOXES 


Specify 


Crrolerp 


CORPORATION 


“Like money in the bank’’— 
That's what estimators think 
about Arrolet's dependabil- 
ity when figuring job costs. 
Arrolet products have all the 
features you need to help 
keep installation time and 
costs under tight control. 


Here's a good example: 


ARROLET 
Bevel Corner 


SWITCH 
BOX 


a) yur nr,” 
' le 
cat. no, 160-NGBR Non-Gangab 


Qutstanding features of his 
are the self-gaugins’ 
notches for quick, oe 
alignment with Y2 good + 
walls. Only 2 nails — 
to hold it sec urely in place. 


Has 2 cable K.O.’s in each 
end and one \4 x0. 
bottom. 2 CRS non metallic 
Projection 
cable clamps ' 
welding gives BR bracket 
maximum strength. 


box 


Complete details about vari- 


. ne 
ous mountung devices for th : 
160-NG series given in ou 


: / 2c. 
New Product Sheet No. 


For boxes, fittings and accesso- 
ries that do the job best, make 
sure to specify ‘ARROLET' in 
your next order. 


FREE 


WALL CHART — Rox 
guide for maximum 
number of conduc- 

Quickly identi- 
fle boxes & covers 


Ask for Letest Coteleg, Too. Write for Both, Tedey! 


ARROLET CORPORATION 


MONTGOMERY, PENNA 


Sales Representatives & *Warehouse Stocks 
BALTIMORE, MD. * CHARLOTTE, N.C. * *CHICAGO, 
ILL. * "CINCINNATI, OHIO * "DENVER, COLO. + 
DALLAS, TEX. © *LOS ANGELES, CALIF. » *MIAMI, 
FLA. * NEW YORE, WY. + NEWTON CENTRE, 
MASS. * “PHILADELPHIA, PA. + ROCHESTER, WW. Y. 


ELECTRICAL 


Available in a full range 
of sizes from VY" through 4’. 


Specify B-I 


when you buy 


[agustries 
eel ill 


Contractors 
report 
saving 


"5 to 10 per job 


with Blackhawk 
Slip-l ‘“tter Service 
Entrance Heads 


Yes, many contractors have reported 
that Blackhawk Slip-Fitter Service 
Entrance Heads have saved them as 
much as $5 to $10 per installation 
That’s a good reason why it pays you 
to sell Blackhawk 


Installation of the Blackhawk Slip-Fitter 
Service Entrance head is easier and 
faster. That's because there are no 
threads to cut and cutting threads takes 
time costs money. A Blackhawk 
slip-fitter head simply slips over any 
conduit and is held firmly in place 


with two set screws 


With a Blackhawk Service Entrance 
Head you will cut installation time to 
minutes. Simply cut the conduit to size 
at the job site, slip the head on and 
tighten two set screws. That's all there 
is to it. The Blackhawk Service 
Entrance Head is a strong, neat, single- 
unit frame. It's available in a full 


range of sizes from 4" through 4”. 


BLACKHAWK INDUSTRIES 


Dubuque, lowa 
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Make your intercommunications 
recommendations with confidence 


+ 


RELAYMATIC 


get cost-saving, 





on-the-spot 





technical advice, 





Surveys, and specifications 





Your Kellogg dealer will co-operate with 
you and follow through on all the details 
will be ready to give 
In fact, 
availability of 


of installation; he 
prompt service afterwards 
Kellogg guarantees the 
service forever. 

For that important project the instal 
lation of an intercommunications system 

get the benefit of on-the-spot advice 
from your Kellogg dealer. If you request 
it, he will make an accurate survey of 
your client's present and future needs 
and recommend the best system for him 
He carries the most complete line of top 
quality intercommunications systems 
available anywhere, including SELECI 


O-PHONE, Relaymatic, Push-Button and 


Manual Switchboards. Write NOW for 


information. 


KELLOGG SWITCHBOARD AND SUPPLY CO. 
A Division of 

| Teleph and Telegraph Corp 

QUALITY COMMUNICATIONS SYSTEMS 


QUALITY COMPONENTS FOR INDUSTRIAL CONTROL 


1 a 





Dealers in principal cities of United States and Canada 


Kellogg Switchboard and Supply Co., 


Commercial Products 


Dept 89.E, 79 W. Monroe Street, Chicago 3, Ilinois 


Gentlemen 


Please send me the Kellogg Architectural Planning Kit 


NAME 


FIRM 


ADDRESS 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... 


KELLOGG 
ARCHITECTURAL 
PLANNING KIT 
Contains complete technical 
data, Ask your Kellogg in- 
tercommunications Dealer or 
use this coupon to send for 
your copy 





CATALOGS and 
BULLETINS 


33) HEATERS AND CONTROLS. 3 
Bulletins. GEC-1005G, 60 
gives a complete listing of indus- 
trial heating equipment. Electronic 
induction heaters are described in 
8-page GEA-6388. Off-peak con 
trol of water heating loads is the 
bulletin GEC 





pages, 


subject of 12-page 


981A 


34) DISTRIBUTION TRANSFORMERS 
in sizes 167 kva and below are dis- 
cussed in 8-page bulletin CS-201. 
Kuhlman Electric Co 

35) MOoTORS Bulletin 1800 in- 
cludes illustrated discussion of de- 
sign and construction features of 
rapid-reversing motor capable of 
more than 200 idle reversals per 


minute, Louis Allis Co. 


36) CABLE Supports. Bulletin 
156-E, 12 pages, covers cable lad- 
der system design and accessories. 
Cabletrof, a large mesh trough 
system, is similarly discussed in 
12-page Bulletin 256-E. P-W In 
dustries, Ine. 


37) RESIDENTIAL LIGHTING of 
both traditional and modern design 
is presented in a_ well-illustrated 
full-color bulletin of 44-pages i 
cluding many new Globe 
Lighting Products, Inc. 


designs. 


38) ELECTRICAL TAPES. 12-page 
Form 74-10-50 lists physical and 
electrical characteristics of 
and friction tapes in both regular 
and ASTM grades; plastic 
tapes and vinyl insulating 
Johns-Manville Dutch Brand Div 


rubber 


also 


tapes 


(39) FLUORESCENT BALLAST bulle- 
tin GEA-6249, 20 pages, contains 
descriptive 
rating system, life expectancy, de- 


information on sound 


sign features and selection. Gen 
eral Electric Co. 


(40) EXPLOSION-PROOF Motors of 
ventilated and non-ventilated styles 
are described in 4-page Folder 189 
25M-156 which includes 
drawings. Sterling Electric Motors. 


cutaway 


41) DISTRIBUTION EQUIPMENT. 
Catalog GEC-1032A, 160 pages, 
contains complete listing of panels, 
safety switches, wireways and bus 
ways, controls centers and substa- 
tions. Trumbull Components Dept 
General Electric Co, 


MAY, 1956 





atrobe 
Electrical 
roduects 


Floor Boxes 
unique de 


» the box 


Adjustable oxes are always 


equipped sting screws which 


ve to | idjusting ring in line 


with the fi the 


has 


betore cement 


They are bonded 


which make them fire-proof 


Latrobe Gang Floor Boxes 


with interchangeable 


Brass Cover plates comes in Single 


Two, Three and Four Gang types 


Pullman 


Manufacturing ©o. 


1209-1215 JEFFERSON STREET 


LATROBE. PA. 


ELECTRICAL 


IT TAKES 
ONLY ONE 
STRIKE 


. . « to knock out 
important electrical 
equipment 


The season for 


storms 


electrical 

with us 
the 
thing 
trikes 


tem 


will oon tbe 
again im man ections of 
The in 


htnin 


count! diou 


about li that it 
al our plant po 
Nine 


dama r¢ 


wel 
tenths of the industrial 


it cause l o vital elec 
trical equipment 


transl 


motor ve 


erator rmer 


power house chimne Sut this 


damage is of small con equence 


vaared to the loss of 


cor power ind stop 
uch 


hining 


it production lo prevent 


round connections ¢ lig 


and 


condition 


rod must ble 


good 


irrestet 


kept in 


Test Grounds Once a Year 


Properly installed and grounded light 


ning arrester ire the first of defense 


equip 


itehboard 


| 
ithe 
m protectin mp tan ctrical 
ment eh i 


and transtormers ff htning damage 


Similar! factor tac ire |e 
tected by |i 
ind conductors tl 


pa h 
In pite ) 1 ntl 


ubject 
to damage if pr ghtning rod 
it permit the stroke to 
irmile » eartl 


ection, lig 


lightning 
rod or htning tre 


high 


irre 


quent] wil i ere damage if 


gro ind resistance | imper its di ipation 


in the eartt 


’ ind 


remain constant and 


kx perience at that 
doe 


that test TT ‘ } | | 


resistance 
once a 
year, and high ground resi 


tance corrected 


"Megger"’ Method 


This the si f siest, quickest 


and most ac if ! id of determining 
! hould be i ed 
where Y | Megyer 


(,round 
in instr peciall designed 


for this purpose 


By virtue of the Megger crossed-coil 
the Meyver 


ure direct reading in 


ohmmetetr 


Ground Testers 


| 
Onn 


The operator 


reads the resistance value from the deflee 


tion of i pointer over a cale, a imply 


These 
ecured with only one set of 


im one 


ind easil is reading a voltmeter 
results are 


connection 


operation and without 


any calculations 
For 


lance 


measurements of ordinary 


rest two auxiliar or relerence 


rounds are required or, connection may 


be made to a water tem or other metallic 


tructure that is known or assumed to 


have zero resistance to earth. The obim 


meter then indicate the resi 


tance to 

earth of the ground under test, 
Resistance of Grounds 

Should Not Exceed 5 Ohms 


how the resistance to ground 


hould be 


connecting to underground 


yonn the resi 
reduced b 


water pipe 


tance 


coppel plate or driven rods. 


Want Help on Grounding Problems? 


Write for these bulletins 


Bulletin 25-J-ECM A Manual on 
Ground Resistance Testing 

Bulletin 25T2ECM 
Electric Circuits Effectively 

Balletin 25T4ECM “Crounding 
Principles and Practices as Applied to 
Industrial Plants” 8-604 


“Crounding 


” 


' JAMES G. BIDDLE CO. 


* ELECTRICAL TESTING 
*SPEED MEASURING 
* LABORATORY & SCIENTIFIC 


CONSTRUCTION AND MAINTENANCE 


INSTRUMENTS 
INSTRUMENTS 
EQUIPMENT 


MAY, 


1316 ARCH STREET 
PHILADELPHIA 7, PA 


1956 





PORCELAIN PRODUCTS’ Service Mast KIT [tra ae nent 
tions is described in Booklet 


) B-1425. Westinghouse Sturtevant 
Diy 


13) LIGHTING. Sales problems in 
hardware stores as they relate to 
lighting are covered in 12-page 
booklet. Sylvania Electric Prod- 
icts In 


14) DISTRIBUTION TRANSFORMERS 
in ratings from 480 volts to 15 kv 
are detailed in 32-page Bulletin 
3-500. Transformer Div., Federal 
Pacific Electric Co. 


15) Window Fans. Complete 
pecifications and dimensions of 
FOR 2” PIPE the manufacturer’s line are given 
in new 4-page booklet. Frigid, Inc. 
Also available ; 
“FOR 214” PIPE 16) MOTOR START ERS Sulletin 
si GEA-6358, 8 pages, gives new ap- 
: plication information on CR 1061 
and CR 1062 manual starters for 
motors up to 74 hp. General Elec- 

tric Co 








(47) CAPACITORS for air condition- 
ing equipment, split-phase, capaci- 
tor-run motors and general purpose 
ipplications up to 440 volts. Bul- 
letin 178, 2 pages. Cornell-Dubilie: 
Electric Corp. 


18) MAINTENANCE of protective 
relays is discussed in 4-page Data 


EVERYTHING FURNISHED Sheet 156UB. Multi-Amp Corp 


19) PORTABLE POWER PLANTS. 
Folder MV-1205, 4 pages, tells how 
to select the proper plant for tem 


but the house and conduit 


Here is the only Service Entrance Mast Kit . — : ied 

cnumtiaee le avese Gumnil-iadiediag coal sia , porary power on construction jobs 

flashing — even necessary bolts, nuts, lag t Master Vibrator Co. 

screws and nails. Can be installed by an . 

electrician, with electricians tool . 
Cut down installation costs with these ; 50) OUTDOOR SWITCHES in 100-, 

easier, quicker to install, service entrance 


mast kits ; 600- and 1200-amp ratings at 7.2 





CHECK THIS LIST . to 115 kv are for single-pole dis- 
OF COMPLETE PARTS connecting applications. 6-page 
booklet 5601. Delta-Star Electri 
1%  Vise-Grip Service Entrance Cap that < : : : 
fits a 2'' pipe Div., H. K. Porter Co., Inc. 
Gatvanized Roof Flashing and Storm Collar 


(51) ELectTRic OVEN SECTIONS for 
Reof Mounting Plate of new and original : ‘ wr wort for 
desien - ' industrial applications are de- 


Conduit hanger with 2%'' lag screw scribed in two bulletins. Forms 55- 
attached 104 and 55-105. Fostoria Pressed 
Stee] Corp 


Slip-fitting offset reducer with interior 
grounding device a : aa 
‘ T (52) ELECTRICAL TAPES. Brochure 
Nen-hardening roof sealing compound - ae é 
P6-1, 4 pages, lists complete line of 
All necessery bolts, nuts, lag screws and ulat Hing ith nwaten? ¢ 
pase a ia me tapes with p iysica anc 
‘lectrical characteristics, : ‘a- 
Pive-Peorcelain Products famous 2061-C | =" — ch “ - u va vi + ipplica 
Pipe Mounting house brackets as specified | . tions, and availability. Kendall Co 
WRITE POR OETARS TODAY! 53) LIGHTING FIXTURES for New 
York’s Coliseum are detailed in 4- 
page folder giving features of 
FINDLAY, ONI0 luminaires’ construction and actual 
application considerations. Frink 
Corp. 
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SIMPLET 


VAP-OIL-TITE 
CONNECTORS 
For Liquid-Tight 
Flexible Metal Conduit 


The only completely 
REUSABLE 
connector! 


PROVIDES PERMANENT 
WIRING 
PROTECTION 


@ Easy-to-apply...Ideal-Simplet 
Vap-Oil-Tite Connectors adjust 
quickly to conduit size variations 
They positively seal out vapor, oil, 
Grounding bushing 
flange 
of conduit and 
you can actually see that the bush 


ing seats all the way! 


water or dust 
assures positive ground 
covers raw ends 


Exposed parts all non-corrosive 
metal, Vap-Oil-Tite Connectors 
have ground, tapered 
threads, and tremendous gripping 
power through serrations on split 
ring. Underwriters’ Laboratories, 
Inc, approved with 200 Ib. pull test 
Fit both EF and UA conduit. Write 
for further details and prices 


positive 


IDEAL) 


IDEAL-SIMPLET FITTINGS, INC, 


A Subsidiary of ideal Industries, Inc. 


1041 Park Avenue © Sycamore, Illinois 


Blch&O 


fo, '!6 SAWS 
CH ARE 


POWER-BUILT 


to speed your installation work! 


We don't buy motors—we build them! 


The hAeart of your electric tool 
completely built by Black & 
power you need and then some 


the motor 


Decker All the 


because each 


motor is built for a specific tool and the job it 


must do 


New Heavy-Duty Jig Saw! 


Your electrical work is faster and 
easier when you let the Power-Built 
B&D Heavy-Duty Jig Saw take over 
the cutting. The B&D Heavy-Duty 
Jig Saw cuts wood or metal prac 
tically any material with the proper 
blade. Speedy 1” stroke with 2” max 
imum cut. It bevel cuts up to 1-"¢ 


at 45° on either side pocket cuts 


And for Lighter Work 
Like its big brother, U-10 makes 
pocket cuts, straight, curved ra 
dius and irregular cuts. U-10 cuts 
1',” softwoods, 1” hardwoods, 
intricate patterns with 
ease! Perfectly balanced, light 
weight, easy-to-handle, U-10 re 
duces operator fatigue the 
perfect jig saw for lighter, ‘tight 
spot’’ jobs. A complete line of 
blades—wood and metal-cutting 
is available 
See your B&D distributor or 
write: THE BLack& Decker Mra 
Co., Dept. 2305, ‘Towson 4, Md 


SERVICE! one of 44 B&D 
factory service branches is located 

next door’ to you. Staffed by 
experts to give fast, efficient serv 


follows 


ice, genuine replacement parts 


B&D motors always stand up! 


panels, baseboards and floors; oper 
ates handily in tight corners inacces 
sible to hand or circular saws. The 
power -packed B&D-built motor 
keeps cool, never stalls, even when 
driving the blade through 2x4’s. Per 
formance is smoother, vibration elim 
inated, because the reciprocating ac 
tion is dynamically balanced. And 
price is lower than that of any jig 
jaw of similar capacity 


... the U-10 Jig Saw! 


es 


Look in the Yellow Pages under 


"Tools-Electric’’ for Nearest Distributor 


(i) Black & Decker. 


PORTABLE ELECTRIC TOOLS 


DRILLS HAMMERS 
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NESTINGH 





Ask these 

questions, too, 

when you judge 

a fluorescent lamp... 


Are its 
electrodes built 
for longest lamp life? 





Constant developmer fm ind hetter 
ways to make fluore ent lar ectrodes has 
enabled We home ol ‘ he life of its 
fluorescent lamps since 194 


Is it easy 
to seat securely? 





Westinghouse fi escent Lamy ire built with 
guide bumy or he end-cap Kasily felt 
with the fingers during lamp ir illation, they 
tell at a touch when the lamp has been se- 
curely seated in i oc ke 


Is it the correct 
type, size and color 
for the lighting 
job to be done? 





In the Westinghouse fluore 
different lamps 


cent family of 290 


including Slimline and Rapid 


tart-—there’s a type and size precisely right 
for every office plant and merchandising 
application. Colora include seven different 
shades of white slone 
For the full atory on how 
to get more for your 
money n tluoreascent 


rnt ntact your 


Westinghouse 


Lamp 
Representative You 
ean be ire if it's Weat- 


WATCH 
WESTINGHOUSE 


WHERE BIG THINGS 
ARE HAPPENING FOR YOu 
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Reader’s Quiz 





QUESTIONS from readers on problems of industrial equipment, installation, 
maintenance and repair. Answered by electrical maintenance engineers and 


industrial electrical contractors out of their experience. For every question and 


every answer published we pay $5.00. 


Transformer Current 
And Voltage Dips 


QUESTION V29 13 phase trans- 
kva-440 } 
hy a 


former (75 primary) 18 


energized contactor in the 
furnace tem- 


high 


magnetizing currents are the cause 


primary to control 


perature. I believe inrush 


of lamp flicker on other parts of 
our 1200 kva distribution system. 
How can the effects of high inrush 


io 
currents be minimized?—G.F. 


ANSWER TO V29—A 
throws the full load on at one time, 
have a voltage 
change. With a saturable reactor 
or another system of getting 75 
steps and throwing on the line one 
step every second and removing the 
load the same way you will get the 
effect of throwing on the line 1 
kva at a time instead of 75 kva. 
The contacts will last longer. 


H.S 


contactor 


so you sudden 


ANSWER TO V29—It is 
that this furnace load 
the light flicker on 
this one load is about 6% of your 
total capacity. help 
this situation is to install the con 
tactor controlling the load on the 


possible 
Is ¢ ausing 
starting, since 


One way to 


secondary side of the transformer, 
thereby leaving the transformer 
energized all the time. The second- 
ary contactor would be more ex 
pensive due to heavier current, but 


it might be worth it.—E.A.M 


ANSWER TO V29—It is standard 
practice to install step starters or 
contactors to prevent lamp flicker. 
A contactor with two or three steps 
would greatly reduce lamp flicker, 
the number of steps necessary be- 
ing dependent upon the 
voltage now indicated 
The best results can be obtained 
by installing a 


drop in 


contactor having 
Carbon 
discs are compressed gradually pre- 
venting any noticeable change in 
voltage. If the contactor is installed 
in the secondary circuit of the 
transformer, the magnetizing cur- 
rent would be constantly 
lished in the transformer and the 
power component of the total cur- 


carbon piles as resistance. 


estab- 
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less lamp flicker 
the load 1s 


rent would cause 


when connected 


B.A.S. 
Potential Circuits and 


Current Circuits 
QUESTION W29 


be fween a 


Please distin- 
gquish potential circuit 
circuit as used 7t 


Why 


circuits he short-circuited and what 


and a current 


control work. must current 
process i used to de magnetize a 
current transformer that has heen 


J.BK 


accidentally opene d? 


ANSWER TO W29—Potential cir- 
cuits and current circuits are de- 
rived from potential 
transformers and current trans- 
formers, the primary windings of 
which are connected across the line 
to be measured in 
the case of potential transformers, 
and in series with the line 
current is to be 


respec tively 


whose voltage is 


whose 
measured in the 
case of the current transformers, 
Each has a dual purpose: (1) To 
instruments and 
from line voltage, and (2) to trans- 
form line 
down to ratings of 


insulate meters 
voltage and current 
standard in- 
strument 

The function of 
ments or 


some instru- 
relay 3 


from 


erved by circuits 
instrument 
formers, is to operate in 


derived trans- 
propor- 
tion to the magnitude of the volt- 
age or current, in which case phase 
position or direction of flow is in- 
consequential. In other more com- 
plex instruments or relays, the 
function is governed by the inter- 
action of two currents. 

Current transformer secondaries 
should be short-circuited before re- 
moving its associated instruments 
or relays extremely 
high voltage, frequently dangerous, 


because an 
develops in an open-cire uited 
secondary. When the secondary is 
open, the entire primary current 


becomes a magnetizing current 


which induces the excessive volt- 
age in the secondary 
Unless the transformer is rup- 


tured or otherwise physically dam- 
aged, it is, as a rule, not liable to 
permanent loss of accuracy because 





... point no. | 


how to judge a fluorescent lamp 





Quality of glass in a fluorescent lamp 
lirectly affects lamp performance. For 
of the 


example: if the “surface condition” 

k about TAILORED am, 

as glass is not exactly right, the lamp’s light 
coating will not stick 


produ ing pho phor 
ecurely to the inside of the tube, and bare 
ure of proper 


G LAS S pots will develop. To make 
urface condition-—as well as high strength, 
i clarity, precise dimensions and other 


yood 
essential properties Westinghouse makes 
all of ite own fluorescent lamp glass, 
tailoring it from silica to finished tubing 
pecif cally for fluorescent service 
You can be sure if it’s Westinghouse - 


WATCH WESTINGHOUSE 


WHERE BIG THINGS ARE HAPPENING FOR YOU 
285 
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"PERMANENT 
- STRUCTURES 





ret Taal lale. 
permanent 





Duwamish Sub-Station 


—that’s why we 
specify CADWELD 
Electrical 


Connections” 


The City of Seattle 
Dept. of Lighting 


Write for FREE CADWELD 
Electrical Catalog TODAY 


CA DWELB.. 
"=z Zz , i LZ" Z— , xz 
Erico Products, inc. 


2070 €. Gist Piace Clevetand 3, Ohio 


IN CANADA, ERICO INCORPORATED, 3571 Dundas St., West, Toronto 9, Ontario 
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of an accidentally open-circuited 


condition W.R.S 


ANSWER TO W29 When the 
word “potential” is used to describe 
a coil, it means that that coil may 
be connected across the full voltage 
or potential of that circuit or por 
tion of the circuit. A potential coil 
usually has a large number of 
turns of fine wire, while on the 
other hand a “current” coil has 
comparatively few turns of much 
larger wire. A current coil is al- 
ways used in series with the other 
components of its circuit. It there 
fore carries the full current which 
is being fed to the components of 
its circuit. 

The secondary winding of a cur- 
rent transformer must always be 
kept with a closed circuit primarily 
for safety reasons, although the in- 
sulation of the transformer may be 
punctured if an open circuit condi- 
tion exists for many seconds. The 
core is generally magnetized or 
“biased” after an open circuit con- 
dition. When the secondary of a 
current transformer is open-cir 
cuited while energized, the current 
transformer immediately becomes 
a step-up transformer with the 
secondary winding as the high volt- 
age side. The voltage induced in 
the secondary winding is propor- 
tional to the primary current. In 
addition, the primary current ex- 
cites the core to saturation which 
allows the maximum voltage to be 
induced in the secondary winding 
The impedance of the secondary 
under open circuit conditions is 
very small compared to its imped- 
ance under normal closed-circult 
conditions, 

To maintain control accuracy, 
open-circuited current transformers 
should be demagnetized before 
reuse, 

A current transformer which has 
undergone open-circuit conditions 
and has assumed a magnetic bias 
may be demagnetized as explained 
below. 

Disconnect the primary from its 


circuit. Connect the secondary 
winding to a 115-volt, 60-cycle 
source, which is in series with 


a rheostat of sufficient size to be 
able to vary the secondary current 
from a maximum of 7 amps down 
to the minimum current which the 
rheostat will permit l amp or 
less). This circuit should also be 
fused to 8 amps. With the rheo- 
tat, vary the current from mini 
mum to maximum slowly, ten or 
twelve times This operation should 
remove the magnetic bias from the 
current transformer; however it 
may have to be repeated W.E.N, 





@ SLOTTED-NECK construction 
is an original ABouite develop- 
ment. It gives you a modern light- 
ing fixture that stays cleaner longer, 
provides more up-light and results 


in longer lamp life by reducing the | 
operating lamp temperature. You 
get better, less-glaring light, and 
maintenance is reduced to an abso- - 
lute minimum. 
specifying 


Our contractor did and 
they proved to be the 
the secret is pte best buy in lamps.” | 











Tie dil-mil-t4.4 A — 


-“ 


of 


ABotite 
Reflectors 


Ss 


aay 


NT LAMPS 


CHAMPION FLUORESCE 


@ In addition to SLOTTED-NECK 
construction, ABo.ite lighting fix- 
tures are available in ALL-WHITE 
finish, inside and out. This glass- 
smooth finish is the whitest tita- 
nium white porcelain enamel ever 
developed. It will not rust, or stain, 
is impervious to weather, grease, oil 
and fumes, and provides a modern, 
efficient appearance that 
compliments contempo- 

rary architecture 


These original ABOLITE 
features are yours at no 
extra cost. 


CHAMPION LAMP WORKS 


Lynn, Massachusetts 
THE JONES METAL PRODUCTS CO A DIVISION OF CONSOLIDATED ELECTRIC LAMP CO. 


WEST LAFAYETTE ia} 
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Type Motor for 
Chain Hoist 


QUESTION X29 A hain hoist 


7 15 fons, hand powere d, u ith 





movement of approximately 70 ft 
The power head is a 9 to 1 gear 
hox which will turn the endle 

chain of fhe hoi f Should Tie moror 
fn powe? fie gear hog he a variable 
, 


one 


peed, constant hp or mee 
orthey requirement ? Is there a 
rectifier on the market so that a 
de motor could be ised from the ac 
current available on the Site 
E..S.H 

ANSWER TO X29—For a liftin 
peed of 30 ft per minute a 25 hy 
ight. Thi 
hoist could be powered either by a 


motor would be about 





lip ring induction motor direct! 
from the ac power supply, or a 


variable speed de motor through a 





rec tifier, a you sugyest All the 
major electrical manufacturer 
have rectifier “package jobs” de 


She’s reliable, available, ie ae 2 See eevee. A 


variable speed, constant horsepower 

QHaA a pe rect hou CROCE 2-0 ene would we best for this serv 
: - ice. If the hoisting and lowering 

is usually done at full speed an a 





| ‘ing i uct tor wo | 
HIS is the story of a queen of many kingdoms. A lady lip ring induction motor oul 
$ probably cost less, have less 

of quality, she is acclaimed as a wonderful business 
maintenance, and do the job satis 
factorily. The extra cost of the de 


motor and rectifier would be justi 


girl, the perfect housekeeper, and a perfect companion. 
Her romances are known to all of you, for they are the 
y ) 


romances of your business kingdom. fied if hoisting and lowering are to 


Your business always appeared to this lovely queen as a be done at various speeds, and if 
kingdom, or a group of kingdoms. She found that the wire the extra flexibility of de dynami 
kingdom in every wholesaler’s business so many times braking on lowering is needed. 
boasted of a king—and a powerful king, noted for his full M.A.M. 


lines and strength of character. But alas, there was no queen. es = 
5 | ANSWER TO X29—for a small 


No queen who could serve the kingdom in the absence ; 
chain hoist of the type described, 


of the king 


a slip ring induction motor of 


And so this lovely queen became proficient in the art of iitable horsepower rating would 
serving the king; always complimenting, never attempting suffice. However there are limita 
to usurp the king's proper place. Her introductions through- tions as to the feasibility of ar 
out the land have resulted in the greatest of growing ro- induction motor when considering 
mances. She has added strength, character, and the reliability the accuracy of control and the 
of profitable partnership. She is the true symbol of romance power demands Should there be 
in the greatest era of the electrical wire and cable industry. a demand for more accurate con 


trol of the system more reliable 
automatic slowdown demands and 
better overall response, a direct 
connected de motor would be most 


The queen of Diamond adds luster and wonderful har- 
mony to your kingdom. She presents herself in courtly 
fashion, The symbols of her reign are desired by all your 
customers; wire and cable of brilliant blacks, Red-D reds, 


practical. There are suitable recti- 
and immaculate whites. You know these as Diamond Flex- 


fiers of sufficient capacities for 
ible Cords; Type MD, Red-D-Prene; and DTX, the white ich use so that the ac supply 
Nonmetallic Sheathed Cable. Be sure you have a queen could be utilized should the system 
who's Red-D. require a de motor application. All 


factors being considered, an induc 
tion motor could be used for this 
installation with certain § restric- 
tions and limitations. However the 
de motor would be much more ef 
DIAMOND WIRE & CABLE CO. . mem : 

Combination rectifier and dc mo 
tor assemblies for hoist applications 


SYCAMORE, ILLINOIS 


- are available from manufacturers. 





J.B.K 
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rout electrical contractors .. . 


treat ’em Rough 
«the Reliable . .. the expression 


KNOPP “or equal” 


Voltage Testers is your opportunity to 
can “take it” BUY THE BEST...a 


AUTOMATIC NURSE CALL system 


have 
the 
Patented 
Prod- 
Mount 





Cost Less! 


You don’t haby the Knopp Voltage Testers. 
They're built to withstand the shocks of rugged 
daily use 


To save your time in testing you get the orig 
inal patented Prod-Mount in the housing, mak 
ing this tester easier and safer to use. You get 1 competitive p ‘ 
the safety of dual indication of voltage by r ce ses 
solenoid and neon lamp working independently 
The scale readings are positive. Signal is by 


hum and vibration. Insulated for maximum pro 2 i t il ti d 
tection easy instaliiation an 
It tells quickly if the circuit is open or closed; 
magnitude of voltage between 110 and 600 a-c i t 
or d-c, pure or rectified; 25 to 60 cycles. ma n enance ss 8 
The Knopp Voltage Testers have won fame 
from coast to coast among engineers, electri 
cians and power companies. So why pay more 3 plug-in electrical 
for a tester when the Knopp Voltage Tester 
gives you more features and more value at 
less cost 


components... 


write for bulletin 126 


There are two models to choose from; pick up 
one at your dealer today or write for illus 
trated, tree descriptive Bulletin No. 425 


The KNOPP 
Phase Sequence 
Indicator 


60 v. to 600 v.; 25 ' ' es ae 6 other bulletins 


to 60 cycles; Ro- 

tating Indicator 

shows sequence eo 

Froksnetent ; Hospital Signalling bulletin #125 


Com t Bi ° a . . 
Gmne onves. - Private Telephone Systems bulletin #121 


Apartment House Phones bulletin #128 


Fire Alarm Systems bulletin #124 
KNOPP INC. 


Founded in 1928 by Otto A. Knopp under the 
name of Electrical Facilities Inc. Built-in 


at at et et oO” 
4232 Holden St. Oakland 8, Calif. North Quincy, Mass. Dependability 
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y= fi Examples of | Fluorescent Lamps 


And Light Output 


eet @ FB tg —) QUESTION y29 Which give fhe 
most light, a 48-in. starter type 
comnmnector ’ , fluorescent lamp or a 48-in. instant 


start slimline? Which is the most 


fox. yVYVou.. zz” eis ty all factors con sidered? 
} d 


money ! ~ ANSWER TO Y29—Although the 









































1%-in starter-type 01 preheat 
fluorescent lamp does give a little 
more light than a 48-in. slimline, 


the difference (see latest lamp data 


Vors-a-groove desipm 


siwes you a wider 


bulletin for actual lumen ratings 
is not too significant. The need for 
a few more lamps to do a given 
Dae af aguplsentcom job, resulting die about seven 
percent light output difference, is 
certainly justified in some cases by 
the advantages of instant starting 
and no starter troubles. Howeve1 


++ PW oduces the 
possibility of 


2misapplication! 


The 9 standout features of these Anderson Substation COUNTERSUNK from a strictly dollars and cent 
Connectors cannot be duplicaied by any other connector SOLTHEADS standpoint the starter-type w ill 
usually prove less costly when you 


consider all the pertinent factors, 


line available. Look over these features carefully 
several manufacturers may claim some of them, but no 
connector line has them all! 


; 
) 


Ve Two complete pairs of clampir g bolts on both main uch as original equipment ( 


and tap provide extra insurance against connector original and repla ement lamp 
failure. Most other designs have only six bolts costs, operating costs, and main- 


Be Higher clamping pressures with greater contact lengths tenance costs. ut a cost om- 


than in other standard connectors parison study would seem incom- 
plete if it did not include the newer 
rapid start lamps. Light output is 
the same as that of starter-type 
lamps. Lamps start almost in 
stantly, no starters are used, rated 
average lamp life is the same as 
that of the starter-type, and equip- 
ment costs are similar Where 
i8-in. lamps are desired, I think 
a cost study of the three lamp 
types will reveal a strong case for 
rapid start.—C.H.C 


3. Completely independent (3-piece) clamping on main 
and tap. Connection can be removed on one side 
without disturbing contacts on the other 
Most other connectors are 2-piece 


4. Conductor range practically eliminates misapplication 
and resulting connector “burn-downs". Limited or no 


range of other connectors invite misapplication trouble 


5. Wider conductor ranges permit considerable reduction 
in overall number of connectors which must be carried 
in inventory Two and three times greater inveniory is 


required with other connectors 

6. More connector for the money! More metal B bolts 
instead of the ordinary 6 bolts! 

7. One of the greatest advantages of these Anderson 
Vers-a-groove Tee Connectors is ease of installation 


The 3-piece design, with independent clamping on 





main and tap, means that tap conductors may be 
bolted in on the ground and passed up to install over 


Can You ANSWER 
These QUESTIONS? 


QUESTION J30—How does a drop 
in voltage affect the amperage in 
ac motors? It is known to me that 
the power of a motor is directly pro 
portional to the square of the volt 


the bus runs. Ordinary 6-bolt, 2-piece connectors much 


more cumbersome and difficult to handle 


8. Cast rfaces w h are inherently rough and tough 
nean positive electrical contacts. This feature plus the 
greater clamping strength of these connectors is 
» distinct advantage in overall efficiency 


9. The de gn of these mnectors, by Anderson, has 


proved itself over more than 27 years of service under 


all conditions in all parts of the country. Once used : , : . 
tried and proved no customer has ever switched age W ith limitat 1Ons 
back to an ordinary connect Now I am interested to learn how 


For more complete information, including engineering and design 


the amperage will change if volt 


age decreases or increases, the 





data, perlormance characteristics and other particulars, consult your 


nearest Anderson Representative, or write to our home office 


ANDERSON 


$ | ‘ 8 aS y AS > tor *T) 
TRANSMISSION + DISTRIBUTION = ‘ long " the m0 r kee 


TED 
INCORPORATE systems for over a 2uarler ‘unning. Other people maintain the 


BIRMINGHAM, ALABAMA Contras current will go higher in drop of 
/ 


voltage as the power wanted re 


motor being connected to a constant 
load. In this connection I realize 
that the current will rise as the 
motor comes to a standstill if the 
power required becomes larger thar 
the power supplied by the motor 





Aluminum & 5 rose POWER [ hold the opinion that the am 
CONNECTORS + CLAMPS «+ FITTINGS perage will decrease as voltage 
* ACCESSORIES for SUBSTATION + 
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Even for the special 
“out of this world”’ 
wiring problem... 
a down-to-earth 
solution — 
Continental Wire 


- 
ne 
= _—o 

“Se ee ee ee 


Whether it’s a rocket to the moon or a radio for a 





room—chances are you'll find Continental ready 


to serve your wiring needs exactly—with both 








speed and efficiency. 


An Exterior Wall Bracket—4-50 
With many quality insulations of Asbestos... 
Glass . . . Nylon .. . Varnished Cambric . . 


Polyethylene . . . Polyvinyl ... Teflon .. . Zytel, 


Here’s durability and 
performance...ina 
distinctive. modern design 


Striking in its simplicity... 
designed for long-lasting, all- 
weather protection . . . maxi- 
mum efficiency, wherever 


among others, Continental also offers a wide 
range of wire sizes—in stock and on special 
order. For instance, Continental's ELECTRONIC 
HOOK-UP WIRE. This nylon-insulated, hook-up 
wire saves TIME...LABOR...and GUESS- 
WORK in assembly. Resistance to abrasion, 


lighting fixtures take a beating. acids, alkalis and petroleum solvents—and tem- 


IT'S MADE OF heavy die-cast aluminum peratures ranging from —50° C to +125° C 
throughout satin-finished ano . tee ‘ 
dized for protection against sun, rain, —assures dependability plus versatility. Avail- 
dampness : c ¢ : 

TWE UNIT INCLUDES « medium base able in AWG SIZES 18 to 32. 

porcelain lamp holder for one 150-Watt me 

inside-frosted lamp and Flutex curved One source for your many wiring requirements 
glass diffusers. The assembly is simple . , , 

5 binned Geer Geine Gecered @ @ —Continental. Write today for Continental's 
back plate with a captive held screw 
APPLICATIONS COVER schools, hos 
pitals, libraries, railway and bus stations resistant wires, cables and cords. Serving 600- 
factories, public and office buildings 
all institutions 5000 volts. Sizes, 18 AWG—2,000,000 CM. 
FOR OTHER WALL Tl — 
BRACKETS in ex 4 
terior line, write 4 
for data on f ists are available to serve you at any time, 
the 4 line Py "i 
MENSIONS — (4-5 
8” high, 11” wide 
with a 4%” pr 
jection from the 


wall Contact: Continental Sales, Box 363, Dept. CW 
Wallingford, Conn., Phone COlony 9-7718 


complete catalog of heat-resistant, moisture- 


Continental's industrial wire and cable special- 


1333 Willoughby Avenue, Brooklyn 37, WN. Y. 


7 
consuer: ontinental 
mcDhilben WIRE CORPORATION 


WALLINGFORD, CONNECTICUT © YORK, PENNSYLVANIA 


i\mM> 2: 
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COPE EXPANDED METAL CABLE TROUGH 
THE LOWEST INSTALLED COST 


to ‘Be ey 






Cope Expanded Metal Cable Trough is installed in 90% of all major U. S. utilities and is used 


OF ANY CABLE SUPPORTING SYSTEM 


widely throughout industry. 


Note these advantages that are unique with 
Cope Expanded Metal Cable Trough 


Lebor Savings. Quick, simple connections mean 
faster installation, reduced labor costs. Ex- 
clusive Cope Pin-Type Coupler uses only two 
steel pins and a bottom plate per connection. 
Materials Savings. Since far less steel is re- 
quired than for most types of supporting sys 
fems, you save quantities of steel. And fewer, 
lighter supports are needed 

Improved Electrical Properties. Cope Ex 
panded Metal Cable Trough allows higher 
cable current ratings. Some engineers allow 
free air ratings, and all allow higher ratings 
than ore permitted with a solid, enclosed support. 


Maintenance Savings. Cable is available for 
inspection and repair when it is laid in Trough. 
Insulation is saved by allowing the generated 
heat to escape and also by greatly reducing 
frictional wear when cable is installed 


Greater Flexibility. Cope Trough is the most 
flexible system of cable supports ever designed. 
A complete line of standard fittings simplifies 
side runs, drop-outs, last minute changes, plant 
expansions 

Space Savings. Cope Trough soves space by 
reducing materials. Confusion is reduced during 
installation because connections are simpler. 
Other Cope Products to Help Simplify Your Jobs: 
Cope Cable Ladder is the simplest and least 
costly system for the support of armored and 
other semi-rigid cables 

Cope Cable Channel for branch runs is readily 
tied in with Trough or Ladder System. Both 
Ladder and Channel incorporate exclusive 
Pin-Type Coupler. 

Cope Rakit Supports are designed specifically 
for the support of Cope Ladder, Channel, and 
Trough Systems. Available either with trapeze 
or the more popular cantilever supports. 


eeeeeeeeeeeee ee eee eeeeeeeeen eee eeeer ee eee eeeeeeeeeeeeeeee 


EXCLUSIVE COPE PIN-TYPE COUPLER 
greatly simplifies installations, reduces 
installation costs, and provides greater 
adaptability. Pin is driven into interlocking 
barrels and rigidly secures the connections 
Bottom plate protects cable at 

Trough connections. 


Cope Standard Line 


is a complete line of underground cable installation equipment. 





Specify Cope Products for Quality. Our engineers are ready to work with you 


=. 3. COPS, .2a8 CG. 


So LUWTAaeawVILIse Ss, PA. 


Gaouno Tits 





Ham ef hh Ss 


#00 GRarris 


CAGLE REEL JACES PMEUMATIC FISMLINE 
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mains constant. They furthermore 
say that the reading of an electric 
kilowatthour meter went up as a re- 
sult of low voltage; the utility com- 
realizing this fact, refunded 
S.P.M. 


pany, 
money to the customer. 


QUESTION K30- We have two 
1250 kva, 1200 rpm alternators in 
our plant. What could cause brush 
imprints on the surface of the same 
ring, regardless of polarity? Ma- 
chines are serviced monthly and 
rings polished. The imprints are 
at a different place each time. 


T.W.D. 


QUESTION L30—cCan you tell me 
where or give me proper informa- 
tion on the following. Running a 
3-phase line and a 110-volt line in 
the same conduit. Also low voltage 
fire alarms in conduit or not. These 
have been brought up by different 
electricians. However, to this date 
I have not permitted it and would 
appreciate being brought up to 
date.—A.J.C 


QUESTION M30—We have experi- 
enced faulty operation of the 
thermal overload trips in our motor 
starters. At times they have failed 
to trip on overload, resulting in 
motor burnouts. Can anyone sug- 
gest a convenient test method that 
can be used by an electrician in the 
plant to check these devices peri- 
odically.—R.E.B. 


QUESTION N30 We have 3-phase, 
140 volts, 60-cycle, 10-3 hp, 14-4.5 
amps, squirrel cage induction 
motor. The stator has two separate 
windings for slow and fast speeds 
connected series star and 2-parallel 
delta respectively. 

On test for fast speed we found 
out the starting current to reach 
approximately 8&0 and the 
phase currents are unbalanced. We 
rewound the stator with exceptional 
care, but the resulting condition is 
still the same. We believe the 
trouble to be in the rotor, but since 
the bars, end rings, and fans are a 
aluminum casting, we 
have our doubts as to the rotor’s 
destructibility. 

What is the correct procedure in 
testing the rotor for good condition, 
and explain the “why” and “how” 
the stator is affected when the rotor 
is defective ?—L.V. 


amps 


one-piece 


PLEASE SEND IN 
YOUR ANSWER BY JUNE 15 
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ony ELECTROMODE 





mr. SPFETY-GRi0 ALL YOUR REQUIREMENTS FROM ONE RELIABLE SOURCE 
COMPLETE OR SUPPLEMENTARY HEAT 


FoR HOME ........ 


¥ BASEBOARD HEATERS 


Low-Level Perimeter Heat 


v WALL-TYPE AND PORTABLE 
Fan-Circulating Models 


Vv PANEL HEATERS | 
WALL MODEL 


Radiant Convection For bathroom or 


small room. 
¥ RADIANT CABLE HEAT 


FoR INDUSTRY ...... 


Vv SUSPENSION-TYPE 
v¥ PORTABLE AND SUSPENSION 
Vv EXPLOSION-PROOF SUSPENSION. TYPE 


Solves hard-to-heat areas 
in the plant and isolated 
locations. 


The ‘'504 insulator” is made of 
polyester, reinforced with fiber ONLY ELECTROMODE Around The 
glass, and is practically indestruct FA RM 
ible in regular heavy duty use has the SAFETY-GRID eee 
) ed, acnine stee é : 
. CAST ALUMINUM HEAT- HEATERS 


stallations easy —yet will not pull, J PUMP I 
vibrate or turn loose ING ELEMENT. All elec ————" 


TRAVELING CRANE 
TROLLEY FEEDER 
CONDUCTORS 


Cuts Installation Costs 56% 


Red Seal’s new polyester ‘'504 
insulators” are replacing hardwood 
conductor posts on trolley feeder 
runways at tremendous cost sav 
ings. One example, the installation 
sketched here, cost $8.80. It re 
placed a conventional installation 
of hardwood conductor posts and 
spacers costing $20.00 


qa mB BREE 





a a a oe ee tric wires are insulated 
iberglass reinforcement gi MILK HOUSE HEATER 


high tensile, compressive and can and embedded within this Also useful for brooder pens, fruit 
tilever strength, as well as excel finned aluminum casting. GRE VegTtENTe Dine, On 


lent impact resistance. Polyester Absolutely no exposed hot ELECTROMODE installations 
binding material makes ineulator wires or glowing coils, and BENEFIT CONTRACTOR AND USER 


resistant to moisture, dirt, corro 

sion, electrical arc and heat no danger of fire, shock or Full Range of Designs and Sizes for every need. 

burn. It's the greatest Automatic Room Temperature Control. 
Designed for service to 1000 feature any electric heater Quality Line—Made by Experienced Manufac- 

volts, the ‘'504”’ is the smallest in ape turer 

sulator available, measures only ever had and it is guaran- No Call Backs—No Servicing—No Adjustments, 

174" dia. by 2'4" long. Each in teed for five years. Easy to Install—Saves Time and Labor. , 

sulator, is carefully inspected and Profitable Line to Handle 

tested at 10,000 volts before ship 


ment 














Dept. EC.56 45 Crouch W., Rochester 3, N.Y. 


: : Please send FREE Electric Heating File, containing specifications, 
For full details, write today ilustrations, installations, prices and how to figure electric space heat- 


ing. We are interested in 


COMMERCIAL COMTEOLS CORPORATION 
} Home and Office Heaters Industrial Unit Heaters Farm Heaters 


Name 


ELECTRIC CO. | ~-. 


6321 Detroit Ave. + Cleveland 2, Ohio 
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Smart contractors everywhere are saying, “| never compromise when | install 
service control! use Cutler-Hammer, it's tops at no extra cost... exactly 


the right type of unit for each job, never a makeshift substitute” 


Standardize on C-H service control and you insure uniformity of installa- 
tion, uniformity of performance, and uniformity of customer satisfaction 
Every member of the Cutler-Hammer Service Control family is manufactured 
to meet the same standards of quality motor control. A host of plus features 


make C-H service control easiest to install, tops in performance and long life 


Cutler-Hammer's complete line of service control rules out compromise 
There is the “perfect” type of service control available for each job you 


install just what your job requires, nothing more, nothing less 


Your Authorized Cutler-Hammer Distributor carries a complete stock of 
this service control, you never need “shop” for the “perfect” type of o unit 


A single source of supply a reliable source of supply 
Let Cutier-Hammer Service Control help sell your service. Cutler-Hammer, 


nationally advertised in such magazines as SATURDAY EVENING POST, 





4338 Line One © Ampere pu t Upt 4334 Line Two 6 Ampere pull-outs. Up to 
6 elue tuse circuits. Surlace and flue! 8 plug fuse circuits. Series or parallel con 
mounting. NEMA | and NEMA 3 enclosures nected, Surface or flush mounted. NEMA 1 


and NEMA 3 enclosures 


Cutler-Hammer Service Control 
Tops in economy without compromise 
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TIME, NEWSWEEK, etc. is recognized by all os a manufacturer of quality 


products. Don't build “sales resistance” by using an unknown brand... 





standardize on CUTLER-HAMMER, a name respected by your customers. 


C-H service control is tops in economy ... priced with the lowest — quicker 
and easier to install, you spend less time on the job— works better and lasts 


longer, you make fewer service calls 


Standardize on Cutler-Hammer Service Control —either fused or breaker 
type 


today. CUTLER-HAMMER, Inc., 1306 St. Paul Avenue, Milwaukee |, Wisconsin, 


For further information see your Authorized Cutler-Hammer Distributor 


CUTLER- HAMMER 
. el 


= SERVICE CONTROL = 
= 


4335 Line 
to 6 plue tuse circuits 
heeter pull-out easily wired lor separate me 
tering. Surtace or flush mounted 


Tiwee 60 Ampere pull-outs. Uo 
60 Ampere water 


43% Line—100 Ampere main pull-out with 
two 30 of 6 Ampere branch pull-outs. Up 
to 16 plug fuse circuits. Surface of flush 
mounied. NEMA | and NEMA 3 enclosures 





MAY 


1Q6 
i796 


Questions on the Code 


Answered by 


B. A. McDONALD, New York Board of Fire Underwriters, Rochester, N. Y 
GLENN ROWELL, EFiectrical Engineer, Fire Underwriters Inspection Bureau, Minneapolis 
B. Z. SEGALL, Consulting Electrical Engineer, New Orleans, Lo. 


Oil Burner Wiring 


Q. 


installation wiring ? 
I have been criticized for allow- 
oul 


TLON-W¢ tallic cable 


ing burner electricians to use 
within the burne? 
compartment of a jacketed boiler. 
This compar 
ventilated 
the 
insulation 

My from the 
fact, that recently I have found TW 
wire is installed in Greenfield con- 
‘Underwriters’ 


approve d, 


fment is 


adequately 
ercee d 


TW 


and it does not 


temperature limitation of 


confusion arises 


duit on Lahbora- 


tories 


factory wired 


burner unit 


TW 
the 
metallic 
dentally 
ground, 


boiler 
This 


give 


does not 
that 
would 


with 


installation 
prote f tion 


would, if it 


non- 
acti- 
the 


get im contact 


E.A.G 


The 
temperature of 
60 C-140 F and 
ambient 


maximum operating 
TW insula- 
when it op 
temperature 
of 60 C it cannot carry any current. 
If a No. 14 TW conductor operates 
in an ambient temperature of 50 
C-122 F its current-carrying ca- 
8.7 See Table No. 
the compart- 
not 


A. 


tion is 


erates in an 


pacity is 
I, Chapter 10 
ment in 
the limitations of a 
TW conductor, it is evident from 
the foregoing that as the tempera- 
ture approaches 60 C-140 F the 
conductor may carry little if any 
current without raising the tem- 
perature above 140 F. This 140 F 
limit both the ambient 
temperature and also the tempera 
ture which result the 
In order to 


amps 
While 


question does exceed 


temperature 


concerns 


when con 


ductor carrie rrent 


justify your opinion, | believe tem- 


be taken 
when the burner 


reading hould 
old spell 
for long periods of time 
due to the demands of the occupant. 
Such readings coupled with the cur- 
would enable you to 
the heat to which the 
conductor insulat subjected. 
Many factors are involved with the 
design of fired boiler and in 
; ol definite 


perat ire 
during a 


operate 


rent used 
determine 


ion 18 


an oll 


the absence tempera 


Will you plea ‘ give nie your 


opinion re garding oil burner 


which involved, I would 
hesitate to accept type TW insula- 
tion within the compart 
ment, 


Insofar as 


tures are 


burner 


the U. L. approved 
unit is concerned it is my opinion 
that the TW conductor installed as 
described in flexible conduit will 
not, when carrying the necessary 
current, reach a temperature in 
excess of 140°F. If it does, it would 
be in violation of the code. The 
U. L knows from tests, 
just what the temperatures are for 
the many different types of installa 
tions. They must 
from combustible 


however 


decide the clear 
ances surfaces 


It is 


pare a 


therefore questionable to 
field installation with 
that has been subject to the stand 
ards set up by U. L. I do not agree 
that a non-metallic installa 
tion gives more protection than a 
flexible condult installation 
B.A.MceD 


om 


one 


cable 


Wiring for a 
Service Station 
We have 


QO. calle d hack 


tion job to move sealing devices in 


recently heen 


on a filling sta 
serted in conduit extending 
out to the the in 
spector claiming that these devices 
had to be the 
floor level in order to comply with 
the Code, In the have felt 
that by placing them as close to the 


runs 
pump island, 


18 in. or more above 


past we 


floor line as we could, we could re- 
the condensation 
the 
€ pump land 
felt we 


installation by 


duce amount of 
which would occur within 
duit runs out to the 
Therefore we 


a safer 


con 
mere making 
locating 
near the 
Do wou feel that 
any 

( ode 


these sealing fittings as 
could 


constitutes 


floor as we 
this 
hazard and is it a 


R.C 


A. 


appreciabli 


violation? 


Actually the Code would 
permit the sealing fitting to 
be located on either side of the 
boundary where the conduit run 
passes from a nonhazardous loca 


tion to a hazardo location. There 
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SPECIFY 


baad 
for Supporting 


Cables and Tubing 


EXPANDED METAL TROUGH 
SOLID METAL TROUGH 


LADDER SUPPORTS 


P-W provides a strong, versatile 


and _ well-grounded 


system. 


Channel Connectors with drive 
rivets are quick and easy to 


assemble 


various lengths and 


Extension Connectors eliminate 
field cutting—Adjustable Hori- 


zontal and Riser 


Connectors 


meet required changes in direc- 
tion and elevation—supplied in 


widths from 1” 


to 24” 


and 


lengths from 1’ to 16’—Hanger 


Twist-Gack 


rods or 


The Structure To Support 


Tubetrof . 
Shelving 
Pipe, Etc 


Conduit 


Cabletrof... 


Cables 


P-W assists customers in design 


and job take-off. 


Write today for Bulletins 


INDUSTRIES, INC. 
Duncan & Melrose Sts., 
Philadelphia 24, Pa. 


Repre entatives lo serve you 


/ 








fore, if the conduit run and sealing 

fitting in question is located in that 

portion of a filling station where 

automobiles are serviced or worked 

upon, Section 5120 defines that area 

vithin 18 in. of the floor as being 

a Class 1 Division 2 location and 

paragraph b.2 of Section 5015 

states that each conduit run passing 

from a Class 1 Division 2 hazardous 

area into a nonhazardous area shall 

have a sealing fitting located on 

. either side of the boundary of such 

WIRING a hazardous area. It also states that 
’ where the sealing fitting is on the 

nn «6 « ; hazardous side of the boundary, the 
conduit between this sealing fitting 


THE COST OF ‘ and the nonhazardous area shall be 


without union coupling box or fit 


CONNECTORS : ting to a point at which the conduit 


leaves the hazardous area and, fur 

se ” 7 thermore, that this conduit shall be 
Is PEANUTS’’! rigid conduit. Therefore, in my 
opinion the location of a sealing 

fitting just above the floor in the 

lubritorium area of a service sta- 

tion would not be a Code violation 

if rigid conduit is used between this 

sealing fitting and the distribution 

cabinet located higher on the wall 

It is, of course, assumed that this 

distribution cabinet will be more 

than 18 in. above the floor level. 

G.R. 


THE SOLDERLESS, TAPELESS WIRE CONNECTORS 
(Patented, No. 1,933,555) 


Bus Plug-in as 

The cost of wire connectors is only a Motor Disconnect 
tiny part of the total cost of the job. Yet 

the whole system is literally held to- O chine tools of various types 
gether by the connectors. They are as to wire up, using a bus duct feeder 


critical to it as the mainspring is to approx. 14 ft above the floor level. 
The various bus duct manufac- 


I have several hundred ma 


tch. Th sti he ch ; 
a watch. The be . always the cheapest turers tell me that one advantage of 


= ne ? lug-in bus duct (40 
IDEAL “Wire-Nut” Connectors have been aie P On by os - - amp) is that 
‘ ’ we no disconnect switch iw necessary 
setting quality and dependability records on the machine tool, only the motor 
for over 30 years. Many of the original starters and pushbuttons. From the 


“Wire-Nut” Connectors are still in service Code, I gather a different impres- 
. .. a8 good as the day they were installed ! ston. The way I interpret the Code, 
a bus plug although having a 
switch and fuses 18 not suitable be- 


Pl A a FULLY APPROVED! cause it is ampere rated, and not 
6,4" ~4 
} ] 


r/ 2 horsepower rated, Also according 
fully approved as pressure cable connec 


IL izes 74B 3 76B are . 
( (UL) Contractor sizes 74B and 76B are - to the Code, the disconnect switch 
P tors for general use in all types of branch |. Ul must be readily accessible. The bus 
circuit wiring, with all common wire \& "4 plug switch is not readily ac- 
4 


combinations. cessible, because it requires a lad- 


Sold through America's Leading Distributors der or a long pole to get to it and 
In Canada: Irving Smith, Ltd., Montreal trip wt 


«TRY THEM FREE! These machines will be installed 


the city of Chicago, and from 
scorers gpstenect-= ooo shah eateries naa in / , J 


IDEAL INDUSTRIES, INC . contractors and inspectors I get 
' IDEAL I ! 
1041 Park Avenue, Sycamore, Illinois Al) various inte rpretations. The ma- 


Please send FREE SAMPLES of IDEAL WIRE-NUTS i0ruly sau that they allow a bus 


Company do not want to take a chance on 


having to go back later and install 
Address : 


afety switches on all of the ma- 


1 
Name 1 plug switch as a disconnect, but I 
! 
I 
l 
! 


Jone Stat . . 
City “orn wae cines, tf some one should decide 


qoenwanmenesaresenanasesesasenenmmenanal 
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way i m- 


terpretation 


t install Ec " 


month 


ne cow YOU CAN bet your life 
disconnecting 


rellpers's  ougin ON A Super safe 


adily accessible. 





yf 


“readily acces 
“Capable of be 
ing ached quickly for operation, 
renewal, or in ction, without re 
quiring those to whom ready access 
inc | WOLTAGE 
obstacles or to resort to portable 
ladders, chairs, etc.” 
On November 13, 1942 Official T 2 « T ® Se 
Interpretation No. 236 was issued 
as follows: 
QUESTION: Does the use of 
a portable hook stick eliminate the with Famous IDEAL 
f 


question of elevation, as contained 

in definition of word “accessible”? DOUBLE PROTECTION 
QUESTION: Does the use of 

a portable hook stick satisfy the 

requirements of the definition of 

the words “readily accessible’? 
FINDING: The use of switch TESTS 100 TO 550 VOLTS AC-—110 TO 600 VOLTS DC 


. @ solenoid, calibrated indicator and o neon 
test lamp, each independent of the other—no 
chance of failure to detect voltage! 


hooks was not considered in draft- 
ing these definition 
Section 3808 requires switches in HAS ALL THESE FEATURES, TOO! 
general to be readily accessible in- 
sofar as practicable, and Section 


2351 requires ; vice switch to St 
be readily acce b] ’ me ~ ve aa 4 
Section 2435 requires an over ———— b Me: 7c Se 
Pi 


current device to be readily acces- Molded Prod Han- Coil leyer- 

sible exe ept for busways. dles—‘‘no slip’ safe Handier Center Prod Storage wound on 
A review of these Code require Fis than tl poet dt my eae? ee fan y Ay nnd 

ments indicates to me that a bus easier safe life 

plug switch located as described i 

readily accessible when a hook stick 

is provided for its operation and it —> — : - 

appears apparent that the defini- {or IDEAL’S Super Safe Voltage Tester was espe- 

tion of “readily accessible” sup- ot both onde cially designed to answer the needs of electri- 

ports this opinion. When a hook | isolated, pre cians, maintenance men and contractors. Tells 

stick is readily available, you do fii venting shorts 


at a glance whether line is “hot”... AC or DC 
not have to climb over or remove TT ... and the nominal line voltage. The solenoid 


indicator is on an easy-to-read calibrated scale 
interpretation on thie pelut farthes that is color coded to correspond with fuse 
indicates that th len wok onl P label colors. A trial will convince you that the 
considered of il i ‘nt importance (SF Super Safe Voltage Tester is the most conven- 


obstacles or use a ladde1 or chair 
to operate the vitch. The official 


to promote a definite decision on ient, safest and easiest to use tester on today’s 


this question, otherwise some ac- Plastic name plate market. 


tion would have been taken d iring bonded to 
double-strengtt 


the 14 years which has elapsed seamiess plastic SEE YOUR IDEAL DISTRIBUTOR, OR MAIL COUPON 
; at { +} oy rata. n urtace 

since the date of the interpreta aa In Canada: IRVING SMITH, Ltd., Montreal 

tion. Section 3808 recognizes some 

‘oO tions W ‘Tre witene 4e oO 

conditions wher need not IDEAL INDUSTRIES, Inc 

be readily acce 1041 Park Ave., Sycamore, Ill 


Section 4409 juires the dis- 


connect switch f¢ a motor con- Super Safe Voltage Tester 


Please send me full catelog informatio 


troller to be located in sight from 
the controller |! atior or be ar- 


Name 


ranged to be locked in the open company 
position. This pr on would per- 
mit a motor disconnect to be located 
in the basement of a building with 


Address 
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PRICE the motor on the second or third 
» & s ] floor. In such a case a motor dis 


connect low ated on ¢ hbuswa , pro 


vided with a hook stick, would be 
| far more accessible for operation 
than a disconnect Jocated in the 


| basement. From a. standpoint of 

A d Y ‘Il U Th C | t | the definition itself and the obje 
n ou $e e omp ete tive to be attained, as provided in 
Article 430, there is no question in 

my mind with respect to the use of 


a hook stick as a means for oper 
| ating the disconnecting means for 
a motor 
! 


Plug-in switches are available 
vith hp ratings and of course 


INTERCHANGEABLE WITH ALL STANDARD LINES | plug-in devices may be circuit 
OF WIRING DEVICES breakers. 


This opinion of the wording and 


With these interchangeable devices hundreds the intent of the Code is personal 

go, or ones of different combinations are possible in a | and. in the absence of a definite 

ed Single 

Pole Switch very compact space. Yet ingenuity in design | official interpretation, should be so 
makes these devices as sturdy as their larger | new eng iediatintn time tan 
brothers in the Eagle line. They are the most cons iderec is thereto! ) 
advanced in design and with the modern portant that local inspection auth- 
Eagaline wall plates offer the most attractive orities be consulted with respect to 
line today, their interpretation or local provi- 


sions which cover this question. It 
Ne. 902 : 
Power No. 952 appears to me that Section 4411 
KReceptacte | Gang 


¢, Devise | should definitely answer this ques- 
a e 


tion B.A.MeD. 


1 Deviee Derating Conductors 


Wall Plate 
We are connecting a num- 
° her of switches and distri- 


bution cabinets with an auxiliary 
gutter run across horizontally below 
2 Gane - these cabinets and now the question 
wan Plate ' - 1 has arisen as to whether or not our 
gutter is sufficiently wide to comply 

with the Code. We note under Sec 

ag tion 3726 that where vertical con- 
Mounting Switch | ductors No. 1 or larger are run, 


minimum widths of qutters are 











/ | shown. However, in our case the 

conductors are run horizontally in 
1 Check These Features a horizontal gutter beneath the 
° equipment and we question whether 


All devices interchangeable with all standard wir- : . 
ing devices or not the Code requires a mini- 


All devices are of bakelite totally enclosed mum size of such a gutter. Con- 
mechanisms 
ductors we are using range in size 
All switches and receptacies have doubi F ’ f ; 
phosphor bronze eontacte ‘ — we from 500,000 CM down to No. 14's 
Large head binding screws, ample for #10 wire and at one point this gutter will 
. 7 . . 2 g 

Large radius on receptacle contacts permits easy contain 2% conductor: Doe: the 
entry of Plug Cap prongs Code provide a minimum width for 
Wall plates carry the distinctive Eagle design such conductor and does Table No. 1 
Correct mounting strap is packed with each wall 

plate in individual enveloves indicate the proper carrying ca- 
All wiring devices are individually boxed and pacities for the conductors within 
Listed By Underwriters’ Laboratories the auxiliay y gutter? K.P 


WRITE FOR FREE DESCRIPTIVE BROCHURE 
ILLUSTRATING COMPLETE LINE 


4 The table in Section 3736 
f e showing minimum widths 
SOLD THROUGH = ns of gutters applies to both vertical 
WHOLESALERS ht’ - and horizontal runs. If you will 
ONLY note paragraph e. under Section 
5749, you will find there it states 


EAGLE ELECTRIC MANUFACTURING CO., INC. “Where insulated 


conductors are 
4 SLAND CITY | + NEW YORK deflected within the auxiliary gut- 


Perk ction ¢2 aot aa réecideat oe, Seay the ends oF where 


conduits, fittings or other raceways 
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the dir 
flected a1 } 0 degree 


mensions ! ling to Section 
3736 shall ply.”” Therefore, in a 
gutter in which the largest con- 
ductor is a 500,000 CM, it would 
be necessary that the gutter be not 
idth 

carrying a- 
pacity of the conductors within the 
raceway, at ne present time Sec- 
tion 3745 contains a fine print not 
which states “The correction fa 
tor pecified in Note 4 of Table 1 
of Chapter 10 are not applicable.” 
1 am unable to explain why this 
fine print note is published in this 
section of the Code as experience 
has proven time and again that if 
conductors are not derated in auxil- 
, It is 
perfectly possible to have them 
overheat to the point where they 
destroy their insulation. In fact, 


lary gutters and in wireways 


this has occurred in many instances 
and at the present time serious con 


sideration is being given to requit 


ing the derating of conductors con 
tained in wireways or auxiliary 
gutters. i therefore would recom- 
mend that you derate conductors 


DS cemduaey 0h tee prensa a In concrete or steel...you can 
set fastening studs in seconds with the 


mandatory 


G.R 


present time 


Scope of the National REMINGTON STUD DRIVER 


Electrical Code 


In the Introduction to the THERE’S NO TIME LOST On a construction fastening job with the 

° National Electrical Code Remington Stud Driver. You can set up to 6 studs per minute with 
under Purpose and Scope, railways this powder actuated tool—every stud arrow-straight! 

are specifically excluded where the 


} And here’s more news: you can set both 4" and ‘%" diameter studs. 
/ t ¢ wseed f : . > P _ . 
ae f ' f - it I , You have a choice of 40 styles and lengths of Remington Studs in 
ercise oO } incetion a a utility . ‘ as . 
» both diameters—a choice of 22 or 32 caliber power loads. All it takes 


a7 w would ti apply to the fol is 90 seconds to change barrels and you're ready for practically every 
; piLi i Ap} i ; , . 


lowing, assuming all are railroad fastening job—light, medium or heavy duty! 


owned and maintained by railroad Once you see the Remington Stud Driver in action you'll be con- 
electrical forces? Please give the vinced that here is the easy, economical way to fasten door bucks, 


, iy oO oning , ; : : z 
authority or reasoning behind each furring strip—any of dozens of fixtures—to steel or concrete. Why 


opin , , a2 : : 
£ sthtataiit not ask your distributor for a demonstration? For more information, 
l Transportation yard facili . 
, just mail the coupon below 
ties (floodlighting, yard office: 


passenge) ca) tandby . nits 


2? Enginehou é facilities, includ 


ing fueling station locomotive 


; 


washing plant mrerior building 


wiring 


3—General office Industrial Sales Division, Dept. mcm 
1—_Leased wareho (leased to Remington Arms Co., Inc., Bridgeport 2, Conn 

Please send me your free booklet which shows where and how to us 
cost-saving Remington Stud Driver fastening method 


; 


outside partue 


dD Railroad owned and operated 
freignt wareho f D.H \ Name : — Position 


} irm 


4 When thi lause first ap- Ad 

: 1Q07 Addre 
Lie peared in the 1957 Code the ; 
following comment y 


A. B 
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FORD INSTALLS 
1,500,000 POUNDS OF 


Installation costs less, provides more power per pound 
of metal. System is more flexible and operates with 
no increase in voltage drop or temperature rise over 
comparable copper system. 

Since 1951, Ford Motor Company has been 
equipping its new plants with aluminum bus 
distribution systems. These include plants at 
Detroit, Chicago, Buffalo, Cleveland, Louisville 
and San Jose. 

By switching to aluminum, Ford diverted more 
than 3 million pounds of critical copper to other 
uses. And Ford acquired a distribution system 


at lower cost. 


Because aluminum is lighter, Ford received 


Your Guide to the Best in Aluminum Valve 


‘THE ALCOA HOUR 
, ") . eawa 


Interior of the Ford Motor Company plant, San Jose, 
Calif., showing BullDog Aluminum BUStribution® 
System Similar systems are in use at other new 
Ford plants 


Photo from BuliDog Electric Products Co., Detroit 


BUSWAYS USING 
ALUMINUM CONDUCTOR 


more conductor per pound of metal... put less 


weight on the building superstructure. 


Because aluminum costs less than copper, Ford 


received more conductor per dollar invested. 


And these prefabricated conductors make a neat, 
safe, flexible installation that brings power to the 
job in any amount at any location. They can be 
readily moved to meet new power demands 


Standard fittings, tools and methods are employed. 


For more information on these modern packaged 
plant distribution systems, contact your nearby 
Alcoa sales office. Or write Aluminum Company of 
America, 2310-E Alcoa Bldg., Pittsburgh 19, Pa 


ALU 


ALCOA O._ 


an MU AA 
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HOW @me’s FOUR MAJOR 


BUSWAYS PRODUCT DIRECTORY 


BuliDog Electric Products Co., 7610 Joseph Campau, 
Detroit, Mich ‘cc 
Continental Electric Equipment Co., Box 1055, Cin- Approximately 1,600 specific products, 
cinnati 1, Ohio 4 
Empire Switchboard Co., Inc., 810 Fourth Ave, listed alphabetically, with cross reference. 
Federal Pacific Electric Co., 50 Paris St., Newark 
5, &. d 
@GRAYBAR ELECTRIC CO., INC., 420 Lexington 
Ave., N.Y. 17, N. ¥.——-ADV. PG. 2 
Gustaveson, Inc., 6600 Chestnut St., Kansas City 30, 
Mo . ate « n 
Petectrie ite, Sne., 4089 W. tebe $t., Crlenes complete addresses. 
24, lil 
National Electric Products Corp Gateway Center, 
140 Stanwix St Pittsburgh 22, Pa 
Roller-Smith Corp., 1001 6th Ave., Bethlehem, Pa 
Royal Switchboard Co Ine 460 Driggs Ave., 
Brookiyn 11, N.Y 
Square D Co., 6060 Rivard St Detroit 11, Mich 
Westinghouse Electric re P ). Box 868, Pitts 





Under each heading, manufacturers will 
be listed alphabetically, with names and 


burgh 30. Pa 

@ WESTINGHOUSE ELECTRICAL SUPPLY CO. 40 
Wall St., New York 5. N. Y.--ADV. PG. SECOND 
COVER 








DATA ON TYPICAL FLUORESCENT BALLASTS 


TECHNICAL DATA SECTION Used for General Lighting 


Weight! Line | PowerConsumed (W 
Current ~ 








Electrical symbols, diagrams, definitions, (Ibs) | (omps) Ballost | Per L 





tables, formulae, and practical calcula- 60-cycle, 110-125 Volt Circuits 





tions used in electrical construction work. Q~ 
Includes sections on lighting layout and 6% 85 
design ...electric space heating ... sound = m 
systems... National Electrical Code tables oes -98 
| ee 1.40 
1 | 
For 60-Cycle, 
ae 








. conversion tables and circuit calcula- 








tions. 








EASY ORIVE Thiel Tool & Engineering Co. Inc 
Easy-Eye Lighting, Inc ee HEH Fixture Co 
baty FLEX.—-Progressive Weider Sales Co co MPANY AND TRADE 

¥-ON.-Thiel Toot & Engineering Co., Inc 
EASY -STRIP—Holub Industries, In : 
EASY TACH.-Quadranglie Mig. Co NAME DIRECTORY 
Easy Washing Machine Corp., Solar, Spencer & Clinton 

Sts., Syracuse 1, New York 
Ebco Mfg. Co., 265 N. Hamilton Rd, Columbus 13 

Ohio Names and complete addresses of all 
Ebert Electronics Corp., 212-26 Jamaica Ave., Queens 

Village 28, 4.1, N.Y ‘ ac > i » Pp . irec 
ECHO-'Eloo Shutter & Mfo. Co manufacturers in the Product Directory 
ECLIPSE Frick Co ° ° P 
ECLIPSE——Montgomery Too! Co listed alphabetically, together with all 
Eclipse Fuel Engineering Co., 1100 Buchanan, Rock 4 

ford, III trade and brand names related to their 
Eco Clock Co.—-see Detex Watchclock Corp 
ECON— Economy Fuse & Manufacturing Co . ae ade . ‘ » j 
ECON-O-MATIC.—American Pulley Co products. Each trade or brand name is 
ECON 0 VAC-——-General Fioorcraft, Inc ° ro . “aor ° 
ECONO-PAK Lau Blower Co identified with the company claiming it. 
Economaster Sales, Inc., 120 Ninth Ave. N., Nashville, 

Tenn * 


ECONOMATIC—-Electrigias Corp 


ECONOMATIC.—Na wy 
[a 




















EPG 


té stics specifications and dimensions 


The ads in EPG will work for you, too! Users of 
the Guide will find the manufacturers’ advertising 


an extremely valuable part of the reference. We've 


asked our advertisers to fill their space with detailed 


product information . . . specifications and applica- 


tion data . . . precise facts electrical men want when 
they make buying or specifying decisions. Here's 


how the advertising will be arranged: 


Companies using one or more pages of advertising 
rr briefed catalo will be positioned in the PROD 
UCT SELECTION DATA section. Companies with 
mn will be identified in the 
marginal symbols, bold-face 


page reference for each 


advertising will supply product data: styles and sizes 





ome om 
ornene 


une 


performance charac 


applications installation methods 


product described in the advertising. This arrange 
ment will (1) tell EPG users “who makes it,” (2) 


refer him to product data to help him select 


A NEW FEATURE: For easier reference, all ad- 
vertising in the Manufacturers’ Product Data Sec- 
tion will be indexed according to product, at the 


front of the section. 


Companies using less than a full page to describe 
ndividual products, will be positioned in the Prod 
ict Directory adjacent to the product their adver 
ribes. Through this special make-up, sub 

be able to study product details while 


irces Of supply 
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Keystone Aluminum Conductor System Installed at Penna. R.R. Shops 


ASSURE 7 WAY SAVING IN WEIGHT...POWER...LABOR 


THIS IS AN immense project—the new car repair shop of the Pennsylvania 
Railroad. The shop is 2760 ft. long; 15 overhead cranes are required with 
capacities up to 25 tons. To furnish electrical connections for the cranes 
two 3-rail Keystone Aluminum Conductor Systems, each running the full 
length of the shop, were specified and installed. 

Keystone was judged best qualified to meet the rigid conditions required 
of this installation. It was selected because it would... 


SAVE TRANSFORMERS—Three installations needed with steel con- 
ductors are eliminated with Keystone Aluminum Conductor System. 


SAVE FEEDER RUNS— With this non-magnetic system, all but the center 
tap is eliminated 


SAVE BOOSTER CABLES—System capacity permits satisfactory oper- 
ation Y4-mile from feeder without boosters. 


SAVE CAPACITY —Compact design permits close conductor spacings, 
minimizing impedence drop, reducing conductor size. 


SAVE ENGINEERING COSTS—Integrated package design, factory 
assistance reduce time and effort. 


SAVE INSTALLATION COSTS—Lightweight components, factory pre- 
fabrication, foolproof design cut erection time and cost 


SAVE OPERATING COSTS—Adequate voltage supply assures max- 
imum crane operating speeds, reduces motor overloads. Protected 
contact surfaces eliminates shutdowns on exposed systems. 


Keystone Aluminum Systems are now operating countrywide on AC and 
DC runways from 50 to 2760 ft. long, and on ore bridges and unloaders 
Standard components range from 500 to 1000, 2000, 3000 and 6000 amp 
capacity. Write today for case histories — "Solving Conductor Problems.” 


ELECTRIC SERVICE MANUFACTURING CO., 


NEW SAMUEL REA SHOP at Hollidaysburg, Pa 
where 50 steel hopper and gondola cars will be 
rebuilt each day. Large photo above shows 5 of 
the 15 overhead cranes, 2760-ft. runway; insert 
shows close-up of Keystone three-rail collector 
assembly. The Harry F. Ortlip Company of Phila 
delphia, specialists in railroad engineering and 
one of the largest electrical construction firms in 
the East, made the installation for Pennsylvania 
Railroad 


PHILADELPHIA 32, 





EASY TO IMSTALL 





a new, superior system 
of CABLE and TUBING 
RACE WAYS... 








Three views showing Globetray Installation 


AVES ON — y 4 at large copper mine at Bisbee, Arizona 


A completely engineered system of cable ways, production produced 
and die formed for uniformity with up to twice the strength of ordi- 
nary trays, by actual laboratory tests. The universal splice plate joins 
all parts through the side channels only. All curved fittings are joined 
at the end of the radius (no tangent material is required) permitting 
continuous curves. This feature provides greater flexibility of applica- 
tion in tight places and creates an endless variety of combinations for 
a s'mple solution to any design problem of change of direction or 
elevation with a complete set of standard fittings. 

Comes in 6”, 12”, 18” and 24” widths, in standard 12’ lengths to 
further speed up installation time. Cable way can be cut to length at 
any point — insides and bottom always smooth — all sections punched 
for easy installation — perfect fit at all times. Neat, clean and uniform 
in appearance 


GALVANIZED 





NO MAINTENANCE 
PROBLEM 


‘ 





Write for new complete catalog. Distributors in all 
principal cities. Contact the Grip-Strut distributor un 
der “Conduits” in the classifed telephone directory 


Manufacturers Since 1914 ¢ Yhe GLOBE “Cam ny 


4032 S. PRINCETON AVE. * CHICAGO 9, ILL. 
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ented an “Analysis of the 
Revision of the National 
trical Code’; “For the electrical 
and communication utilities, the 
Code does not cover electrical 
equipment ised in generation, 
control, transmission, transforma- 
tion and distribution, but doe 
include electrical equipment in the 
plants of those utilities, which 1 
not used primarily in performing 
the aforementioned franchise func- 
tion. Examples of the type of elec- 
trical equipment which is included 
in the Code would be: lighting 
equipment for offices, electrical 
heating equipment not related to 
performance of the franchise func- 
tion, motors for general building 
ventilation as contrasted with those 
which drive stokers for power 
boilers, blowers for air cooling of 
electrical equipment, or generators 
for supplying power to communi 
cation circuits, etc.” 

This comment undoubtedly re- 
flects the intent of the Electrical 
Committee at the time this pro- 
vision was formulated, and in the 
absence of any official interpreta- 
tion I personally believe it is so 
accepted today. Railways were not 
covered in the 1937 Code but they 
were included in the 1940 edition 
and it is my opinion that the con 
ment given above also applies to 
such a type of utility. Insofar as 
railways are concerned, it is my 
experience that such a type of 
utility does not wish to discount 
the importance of any Code pro- 
vision and in the interests of re 
liability, under the conditions of 
use, often exceed Code require 
ments. Some functions of a rail 
road, such as signal system iy 
volve serious life hazards and the 
question of reliability often ove 
shadows the considerations which 
are ordinarily covered within the 
scope of the Code. Electronic traffi 
control equipment and wiring Is a! 
electrical development of a highly 
complicated nature. Automation fo1 
freight yards which enables cars 
to establish and select their own r« 
leasing speeds in_ classification 
yards through an electronic com- 
puter is another application which 
I do not believe comes within the 
scope of the Code. In general it 

my opinion that any electrical 
function of a railroad which con- 
cerns the traffic control of cars or 
trains, or the wiring of cars 01 
methods of communication, does not 
come within the scope of the Code 
With this general concept of Code 
requirements I would answer you) 
specific questions as follows: 

1—Transportation yard facilities 
I personally believe that floodlight 


195¢ 
















ing of yards or the general light- 
ing of including the 
train platform should comply with 
the Code. The same holds true for 
the lighting or yard 
office. Since the electrical w iring of 
a car is definitely excluded from 
there could be 
a question with respect to standby 
circuits which serve such wiring 

2—I am unable to visualize any 


the station 


heating of a 














Code requirements, 









special condition which would 
justify any divergence from Code 
requirements when wiring engine 
houses, fueling stations or locomo- 





tive washing plants for 


light or 






powel 
3—I believe the lighting and 


power requirements for general of- 








fices should meet Code require- 
ments 
1—- Leased warehouses should 









comply with Code requirements 
5—Railroad owned and operated 
freight 
with Code requirements insofar as 
the light and power 


warehouses should comply 


requirements 
B.A Mi D 





are concerned 





Emergency Power 












We are installing a gasoline 
e 


engine driven generator in 











a hospital as an emergency source 


of power The unit came equippe d 
automobile type 


battery for providing the 


with a regular 
storage 
starting current and we are in- 


talling a low voltage transfer 
switch which will actuate the 


and transfer the 


unit 






load on the emer- 
gency circuits from the utility serv 
Now that the 


ec, we 






ice to this generator 






”" 
instaliation 1 complet under 


tand we should procure a glass jar 





type battery as we are not supposed 






fo use a compo on encased battery 
for such emergency generator units. 
Is this a requirement of the Na 
Electrical Code and if so, 
the Code prohibit the use 


F.O.R 


A For many years the Na 
Lie tional Electrical Code has 
prohibited the use of 
type batteries for 





j 
fional 





why doe 





of ich a battery? 





automobile 





either starting 







or ignition use on driven 
short 


small amount 


engine 
generators due both to their 
life and also to the 
of liquid capacity 







making it neces- 
sary to add distilled water very fre 
quently. However, effective on May 
18, 1955 this 


ment was removed 





mandatory require 
from the Code 
due to the improved construction of 
automobile type batteries, both re 

their life and liquid ca- 
As you well know, it is now 





garding 
pacity 









possible to buy ordinary automobile 
type storage with from 


batteries 









into a modern office 





with the help of 


Electro Silv-A-King Lightin 


Complete 





DESIGNERS AND MANUFACTURERS OF THE FINEST 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


“Magic Frame Troffers easiest to install 
fixture we've ever handled.” 


M. J. Rihel, Supt. Hultgren Elec. Co., Chicago 


Three floors of this Butler Bros. Building in Chicago, each averaging 


6,000 sq. ft., were completely remodeled into the modern, air-conditioned 
offices shown above in exactly four months trom the first planning meeting 
According to Butler Bros. Engineering Dept 


Hultgren Elec. Co., Chicago, Electro Silv-A-King Mag 


and the contractor 

Frame Trofter 

with thei one piece removable Reflector Plate Wireway cover conta ning 
: ; “I 4 


all electrical components were installed with record speed 


Throughout the entire three floors, these fixtures provide a maintained 
ghting level of F.C. free of glare and shadow. Comments concerning 
these better, modern troffers have been extremely favorable from the 

te ts and office personnel 


‘Magic Frame Data and 


1535 South Paulina Street, Chicago 8, Illinois 


Spruce & Water Sts., Reading, Pennsylvania 
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How to turn a warehouse 


Specification Catalog available 


sia. Electro Silv-A-King Corporation 


iN LIGHTING 
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SAME DESIGN... 





is more efficient 


THE DIFFERENCE: only one includes Intermatic time switches 


A large percentage of the jobs you plan and figure 
can be more functional, more valuable, with the 

automatic On-Off electrical control of time switches. 
Keep them in mind for your very next job and 


remember Intermatic for dependable, long-life operation. 


Phere a 


witehe 


for every 


line of Intermatic time 
application all 
Indus 

self 


permanently 


powered by the famous heavy duty 


Intermatic motor 


fully 


lubricated 


trial type timing 


tarting enclosed, and 


Unsurpassed reliability, fast in 
tallation and easy maintenance have made 


Intermatic the choice of architects, electri 


cal engineers and contractors everywhere 
WRITT 


cation on the 


Ask for booklet 


for more information and specifi 


complete Intermatic line 


6 Bt 


t 
! SL 


FACTORIES PUBLIC BUILDINGS STORES 





OFFICE BUILDINGS APARTMENTS 


INTERNATIONAL REGISTER CO. 
2624 West Washington Boulevard 
Chicago 12, Illinois 
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. MAY, 


three to five life guarantees 
many of which need have distilled 
water added not more than twice 
each year. Due to this improvement 
in the construction and design of 
these batteries, the Code Committee 
felt it necessary to remove this re- 
quirement from the Code. There- 
fore it is now possible to use such 
batteries with emergency 
tors and most manufacturers of 
this type of equipment have been 
supplying these ordinary batteries 
with their generators this 
recent change in the Code require- 
G.R. 


year 


genera- 


since 


ments. 


Two Services— 
One Building 


0. 


connect 
200 amp 
which 


trance 


I recently wired a new high 
school and the plans call to 
the 200 load to 
switch in building 
the old en- 
which was No. 2 wire. I told 
the school board I would install 400 
amp new building and 
connect old building to it. The util- 
told the school board 
another 200 amp 
did. I re- 
this 
school board hired another con- 
hook it up. These 
than 30 ft apart 
first floor. 
Was I right in not connecting the 
setup to the new line? If Il am right 


new amp 
old 


would overload 


service in 
ity company 
they 
entrance, 
fused to 
The 


tractor to 


would run 
wh ich 


connect to 


they 


entrance. 


en- 
trances are less 


one in basement, one on 


not connecting to this setup, whom 
can I contact in the State 
this code violation changed? 


F'.A.M. 
A In the absence of ali of the 
e details involved with the 
installation, it is difficult to say 
who is right or wrong and if a Code 
violation exists. In offering the fol- 
lowing comment I assume that the 
new building is an addition to the 
old building and is not separated 
therefrom by an unpierced fire wall 
as the Code defines a building and 
that the building is not classed as 
multiple occupancy. I 
that the two different services have 
the with 
spect to frequency and 
phase as mentioned in Section 
2301-c of the Code. If the 
assumptions are correct it appears 
that only one set of service con- 
ductors would be recognized to 
such a building, with 
possible exception. 

Section 2301 of the Code requires 
in general that a building shall be 
served through only one set of 
service conductors with three ex- 
ceptions as follows: 


to have 


also assume 


characteristics 
voltage, 


same re- 


above 


serve one 


1956 





1—Where more than one service 
is permitted by Section 2321. 
2—Multiple-occupancy buildings. 
}—Additional services for differ- 


lasses of use 


drop 


Reference to Section 2321 covers 
six different conditions under which 
more than one service drop could 
If the 
served 
bank inde- 


be run to the ame building. 
building in juestion is 
through a transformer 
pendent of the one which supplies 
the old appears to me 
that such procedure is recognized 
by the Code If the capacity re- 
quirements make multiple services 
desirable, condition is an- 
other vhich 
sidered as covered DY 
2321-c. Ordinarily services of 200 
amp capacity would not be 


building 


such a 


may be 


Tacto! 


con- 
Section 


consid- 
as qualifying for recognition 
under this Code provision. The rule 
however is very broad and it is the 
responsibility of the 


ered 


Inspector to 
determine from actual field condi 
tions whether: 
Possibly other excep 
tions covered by Section 2321 apply 
but from the information sub 
that they 


not it should apply 


some o ne 
mitted, 1t appeal to me 
with the 


or any of the 
yovern 


familial 


electrical 
advise the 
cd. It appears 

ild be 


annot 


some 
the responsi 
safety 
installation and he 
If there 


State provisions 


determining the 
ontacted 


al installation 
a considerable 
connecting an 
not satisfy 


B.A.MeD 


) é Code pro 
e 
) of an exten 


’ hl 
ov anipco f a poTradte 


la mp 


/ 


containing receptacle im 


the handle ) extension lamp 
nio whiel rtable tool may he 


attached } ja j q 


paragraph f.3 in 
105 of the Code 

portable lamps 
of the un 
swit hed type an snail not be pro 
vided with mea for plug-in of 


attachment lug has 


in garag I t be 


been 
prohibited due to the fact that for 
grade, the 
the floor up to a 


eacn Tool at above 


the floor is con 


Division 2 loca 


i> 


for FAST STARTS 
and FAST COMPLETIONS 


Get DEAL Lad a 


CONDUIT FITTINGS 


@ U.L. Approved! 

@ Strong — rugged — durable! 
@ More work area inside! 

@ Screws in corners! 


@ No obstructions! 


Ideal-Simplet Fittings are a broad, 
flexible line of quality products de 
help you meet the re- 
quirements of specific jobs. You can 
layout systems according to your 
best interests no necessity for 
specifying allied products not suit- 
ed to your needs. You get the fit- 
no extras required! 


signed to 


tings you want 


@ Ground surfaces! 
@ Tighter cover and gasket seal ! 


@ Hooks and loops added to rec- 
tangular types for your needs— 
made to order fast! 


What's more, Ideal-Simplet fittings 
are delivered to you fast’ And, field 
service help is available when need 
ed. Our complete catalog describes 
every item we make — ask your 
wholesaler to show it to you. Listed 
are some of the more popular fit- 
tings. Look them over—and ask for 
them by name on your next job 


UVDEAL) SIMPLET CONDUIT FITTINGS 


RECTANGULAR 
SIMPLETS 


= 


With cover ind receptacles in standard 
hub styles and size Tapered thread and 
no-thread. Popular I LB, ¢ .. aa . LR 
LRL and many others, including double 
face nd flange t 


FS AND FD 
SIMPLETS 


Threaded and no-thread series. Single and 
gang units with device interchangeability 
feature. Covers include cast vapor tight 
types with rk or neoprene gasket 


ROUND SIMPLETS 


Includes G, GRF, GRLF, H 
P, PM, OS and OSL, etc. serie 


SE, SEH, 
im vari 

size Cast or steel 
neoprene gasket 

ide al for embeddir v 


ty of hub sty 
covers with rk of 
OSL and GRE type 


mn oncrete! 


VAPORTIGHT SIMPLETS 
LIGHTING FIXTURES 


For universal application, As 

sorted sizes and styles includ - 

ing popular VW for masonry J 
walls, VU for exposed systems q 

VO for mounting to sheet 

metal boxes. Same base with 

idapter makes changeover from 100-watt 
to 180 or 200-watt units. Long-lasting 
aluminum part Accessorie ind = refle: 
tors available 


HANGING DEVICES 


Include the ALC for use 
with incandescent systems 
Accessories, trigger hook 
lock assemblie pendant 
loops, et available 


SIMPLET WEATHER-PROOF 
JUNCTION AND PULL BOXES 


{ 
30 j —-* 
Used in subways, underpasses, et Iype 
A with 4 hubs, type B with 4 hubs at 
) down angle 
ring gives greater depth, fits smaller di 
ameter device: 


convenient Extension 


FOR COMPLETE CATALOG DETAILS SEE YOUR WHOLESALER .. . OR WRITE 


(DEAL) \DEAL-SIMPLET FITTINGS, Inc. 


A Subsidiary of Ideal Industries, Inc 


1041 Park Avenue . SYCAMORE, ILLINOIS 
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RAWLPLUGS 


“The height of the pictured stack was 180 feet. The 
hopper to the right of the stack was in/ operation 
and somehow the hopped car wheel Became en- 
tangled in the rope from the top of scaffolding. 
The hopper car, weighing several sand pounds 
was suspended freely in air but jh spite of this, 
the Rawiplugs held. 


“It was one of hose a nditions, adding 
greaily to the stress On the ffolding and the 
Rawiplug fastening. "x 2%" 
Rawiplugs with 2” 

arm fastened to the/brick 

to our vertical frame. 


“We have used/ Rawlplygs with lag screws for 
these fastening rations for at least rhe last ten 

¥ tem years. The safety of the workmen, as well as 
foes of/ supplies, is dependent upon our 
B occl and securely mounted scaffoldings. 


“We like Rawiplugs for our fastenings because 
they give us @ sure and dependable anchorage 
and have shown us Meir ability to withstand those 
unusual conditions that can occur on a construc- 


F. V. LaMarca 
Z bis DJUSTOMATIC SCAFFOLD CO. 
of PITTSBURGH 





Write for catalog and prices. 





BRAWL TAPERS 


BRAWL HAMMER-SETS 


RAWL.ORIVES 


RAWLDRILLS 


RAWLPLUGS 


THE 
oot «*| RAWLPLUG Co., Inc. 


P.0. Box 4060., New Rochelle, N. Y. 


Rae, Aacuge 
RAWIL RAWL 
LAG SCREW CARBIDE 


RAWL-ANCHORS SHIELDS DRILLS 
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tion. Therefore, inasmuch as a 
portable lamp may be lying on the 
floor, the use of one containing a 
plug-in receptacle on the handle 
would be in violation of the Code as 
plug-in receptacles cannot be per- 
mitted within 18 in. of the floor 
unless they are of the e 
proof type G.R. 


xplosion- 


Lighting Outlets 
For Baseball Field 


0 We are installing lights at 
© abaseball field and are won- 
dering if we can run No. 14 wire 
circuits to supply individual light 
outlets which will be lamped with 
1500-watt lights.—N.Y.G. 
Paragraph b. of 


A. 2125 will limit the load on 


a branch circuit supplying a 1500- 
lamp outlet to 80% of the 
rating of the circuit. Inasmuch as 
the rating of a No. 14 wire circuit 
would be limited to 12 amps be 
cause of this rule, it will be neces- 
sary for you to use No. 12 wire for 
the circuit supplying the 1500-watt 
lamps.—-G.R. 


Section 


watt 


Diesel Oil Hazard 


O Is diesel fuel considered 
a hazardous to the extent ex 
plosion-proof fittings would be re- 
quired? This applies to a concrete 
20-hp 


move fuel 


block punp house with two 
transfer which 
from outside storage tanks to loco 


fueling stands.—D.H.N. 


4 According to the National 
io Fire Protection Associa- 


tion, diesel oil has a flash point of 
100 F (Min or Legal). This value 
is minimum and may vary up to 
150 F as legally established by dif- 
ferent States. A volatile flammable 
liquid is one whose flash point is 
equal to or less than the ambient 
temperature. Diesel oil when used 
in an ambient temperature of 70 F 
will not volatilize and give off ex- 
plosive vapors provided the oil is 
not heated from some other ex- 
terior source of heat. When diesel 
oil is used in ambient temperatures 
exceeding 100 F it may volatilize 
and produce ignitable concentra 
tions of vapor. According to the 
Chairman of Panel No. 14, electri 
cal committee of the NFPA which 
is concerned with the Code pro- 
visions of Articles 500 and 510; 
“Kerosene and diesel oil usually 
have flash points of about 150 F 


pumps 


motive 
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give your clients 
this Flexibility in 
AUDIBLE SIGNALS 









o write for copy 
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from a 

whispering 

chime... 

| | > + 
ET) Naty 


to a ; blasting horn! 





FOR GYMNASIUMS 


BEST FOR FLUSH MOUNTING 





















IN SUSPENDED CEILING 
SERVICEABLE FROM FOR SWIMMING POOL 
ABOVE OR BELOW 500 WATT VAPORPROOF 
h/ J HEAT RESISTING GLOBE 
he \\ FOR HIGH BAY GYM 
rm . RLM SPECIFICATION 
V ‘ ALZAK FINISH 
L ALUMINUM 


easy as plugging j\ 
_in any appliance! 2| 


specify FARADAY 
UNI-PACT 


12 different sound instruments 
oll fit one adapter plate 








FOR FLOODLIGHTS 





eo FOR GENERAL 
ll FLOODLIGHTING 
PORCELAIN ENAMELED 
REFLECTOR-HEAT & 
© IMPACT RESISTING LEN 
LAMPHOLDERS 
FOR PAR LAMPS 
PRD TES SOULE S58 ALUMINUM FLOODLIGHTS 


WITH ALZAK FINISH 
INNER REFLECTOR 


FOR INDUSTRY 














Annuncietors + Door Openers + Trans- 


RLM DOME 
formers + Contact Devices + Sirens 
Synchronous Clocks * Fire Alarm Sys- THREDLOK SOCKET 

+ Electric Clock Sysetms « Freez CHANGE A REFLECTOR 
—_— ocwte pis Hilgees ican ca LIKE YOU CHANGE A 
Alarms + Plugmaster Cord Sets. LAMP 


~ RLM INDUSTRIAL FLUORESCENTS 
WITH UPWARD LIGHT REFLECTOR 
fadsday [re 
PIC N/ Uj 
Engineers in Sound and Sight Since 1875 VISA ELECTRIC ie er INC, 
PCL OCIS 





ADRIAN, MICHIGAN | 4223 W. LAKE ST CHICAGO 24 
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Speed service installations with 


M&W MAST KITS! 


Complete package units 
ready to install 




















U. L. APPROVED 


Entrance Cap and Threadless 











Top and Bottom Conduit Fittings 
' 9 





























No need to juggle the job to suit 
the fittings, when using M & W 
Service Entrance Mast Kits — you 
have the RIGHT fittings every time! 
Whether you select 2” or 2” con- 
duit, pipe ring or strap and lag 
screw installations, there’s an M & 
W Kit EXACTLY RIGHT with 
every needed part included. You 
save time, materials and money... 
make a neater, more weather-tight 
installation, too! 
















































































EVERY MAST KIT INCLUDES: 


@ Entrance cap and threadless fittings 
for top and bottom of conduit. 




















@ Galvanized roof flashing and cast 





aluminum storm collar. 








@ Conduit support of HDG malleable 
iron ring and 2 x 10 bolt (or pipe 
straps and lag screws 

e Wire holder with HDG malleatle 
iron ring 
































Prices and details available on a wide 
variety of kits to suit every need. 








Write for your copy of new Catalog 
No. 55—today! 



























The M. & W. ELECTRIC MFG. CO., Inc. 


EAST PALESTINE, OHIO 
























ELECTRICAL CONSTRUCTION AND MAINTENANCE . 





. » MAY, 1956 


Legal minimum flash points are 
established by different states, and 
are not less than 100 F. There are 
not many parts of the country 
where I would classify diesel oil as 
a volatile flammable liquid in the 
application of Articles 500 and 
510.” 

To me, it appears that diesel oil 
is a border line case and it would 
be very helpful if the Code would 
make recommendations for correct 
procedure in such cases. On the 
installation in question I would find 
out the legal flash point established 
by the State in which the installa- 
tion is located and then proceed to 
compare it with the maximum 
ambient temperatures which are in- 
volved. As an Inspector, field ex 
perience dictates that a factor of 
safety should be applied especially 
when volatile flammable liquids are 
B.A.McD. 


concerned. 








Electric Heating 


QO We are installing electri 
° radiant heat for a rather 
large amusement room and_ the 
existing service equipment does not 
have sufficient capacity to supply 
the demand load for this electric 
heating. This house is served by an 
underground service and rather 
than replace this, we would like to 
run @ second separate service to 
supply only the new heating load 
being place ad in this hasement 
amusement room. Would this com 
ply with the Code? VL.S 


A If this second service would 
Ze supply all electric resist- 
ance heating built into the resi 
dence in question, the use of a sepa- 
rate second service would not be a 
Code violation as Section 2301, 
paragraph c, states that where ad- 
ditional services are required fo1 
different classes of use, the second 
service may be run to an individual 
building.—G.R 


Grounding Low 
Voltage Systems 


O We have a large current 
e low voltage resistive oad 
connected to a 175 kva, 440/48-volt, 
single phase 


transforme) T he 


? 
, 


transformer is fed fron the 
phase, 440-volt, 60-cycle ungrounded 
plant distribution sustem ft/ rough 
an air circuit breaker set to trip 
at 150 full load current 


It is necessary for operating per- 





HOW AIR-COOLING 


ALLELE, 





SIMPLIFIES INSTALLATIONS OF 
ONAN ELECTRIC PLANTS 


* STAR 


DRIVE FASTENERS 


Speed up fastening to brick, 
block 


materials 


cinder 
and other masonry 
No special tools simply 
insert the Pin*Grip through object to 
be attached into drilled hole in ma 
sonry, and drive the pin flush with 
the head, using an ordinary hammer 
Pin*Grip holds fast, absorbs tensions, 
shocks, jars, and 


concrete 


vibrations 


Ideal for electrical construction and 
maintenance such as 
pipe hangers, wiring clips, 
switch boxes, BX cable, wall boxes, 
etc. Standard packages of 3/16" and 


1/4 diameters in varying lengths 


applications 
conduit 


Stainless Stee! 
Knurled Pin 


Fastener Head is 
Peined’’ to pin 
locking pin in place 


Fixture 
4-woy 
expansion 
locks fastener 
in wall 
‘ 


Knurled Pin 
locked 


Cross-slotted in body 


Bottom 
Bored 
Aluminum 
Body 


BEFORE EXPANSION AFTER EXPANSION 


STAR EXPANSION | 


Fasteners For Home and Industry 


142 Liberty Street New York 6,N.Y 


Branch Offices 


rine 





Stocks 
Cities 


with 
ipal 


ee ee 
STAR EXPANSION ECM -5 

142 Liberty Street 

New York 6, N. Y 


Please send me samples of 
PINeGRIP and catalogs 

(Please Print 

Nome 

Firm 

Address 


City Zone 


ee ee 


Stote__ 


Loenenssenebanunasmas doapanesaisieel 
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VENTILATES INSTALLATION AREA 


Vacu-Flo 


room 


cooling takes air from the 


through the electric plant, and 
expels it outside through a single duct 
Eliminates fumes; keeps room filled with 


fresh air 


DUCT CARRIES EXHAUST LINE 


On the Onan CW series of electric plants 
(72 and 10K W), the exhaust pipe is 
carried through vent duct to the outside 


making only a single opening necessary 


Heated air expelled outside 
through single vent. Units 
can be enclosed or “buried” 


Air cooled Onan Electric Plants can now 
be installed in small, enclosed compart 
ments; in isolated or underground rooms; 
or “‘buried”’ within a vehicle, far from the 
outside air. Previously impossible or 
difficult installations are now easy and 
practical with Onan Vacu-Flo cooling 

This exclusive system is a factory 
equipped item, optional on any Onan 
air-cooled electric plant. A quiet-running, 
centrifugal blower in a specially-designed 
housing PULLS cooling air through the 
generator and over the engine then 
EXPELS heated air through a duct to 
the outside 

The space required in a “buried” in 
stallation need be only a little larger 
than what the unit itself requires. Air- 
intake and vent openings plus an exhaust 
line are all that are necessary 

On vehicles such as trailers, display 
vans, fire and rescue trucks, and con 
cession wagons, Vacu-Flo cooling makes 
it possible to mount the Onan plant 
anywhere in the body where space is 
available. On pleasure and work boats, 
Vacu-Flo cooling makes below-deck in 
stallations of air-cooled electric plants 
practical cooling efficiently and 
quickly eliminating fumes from the area 

Onan Electric Plants with Vacu-Flo 
cooling operate more quietly than blower 
cooled models an important added 
advantage in many installations 


Write for Special Vacu-Flo folder. 


| 
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sonnel to come in contact with the 
current carrying parts of the sec- 
ondary circuit. Due to production 
demands, it has been proposed to 
increase the secondary voltage to 56 
volts; but an argument has arisen 
with some contending thet over 50 
volta we are exceeding code limita- 
tions. I contend that we are al- 
ready doing so in that one second- 
ary conductor is not grounded in 
accordance with Article 720, Sec- 
tion 7210, paragraph b. Am I 
right?—P.KD. 


A Insofar as Section 7210-b of 
e the Code is concerned, the 
48-volt secondary obtained through | 
the 440/48-volt transformer must 
be grounded when the primary cir- 
cuit, either grounded or un- 
grounded, exceeds 150 volts to 
ground. This provision is also cov- 
ered by Section 2517-a with an 
exception for portable tools as cov- 
ered by Section 2545-c. Your con- 
tention in this regard is correct 
and may be further verified by 
reference to an article covering the 
“Philosophy of Grounding” written 
by L. S. Inskip, Chairman of Panel 
No. 5 of the Electrical Committee, 
National Fire Protection Associa- 
tion. This article appears in the 
January issue of the News Bulletin 
of the International Association of 
Electrical Inspectors, 612 N. Michi- 
gan Ave., Chicago 11, Ill. A copy 
may be obtained for a small fee by 
applying to the IAEI and | recom- 
mend it to you since this issue also 
covers two other articles on ground- 
ing which cover practically all of 
| the factors involved.-B.A.McD. 


CHIEF ELECTRICAL INSPECTOR William 
P. Hogan, of the city of Chicago, is a 
firm believer that good wiring installa 
tions must exceed minimum electrical 
code standards. Codes are minimum safe- 
ty and not design or convenience stand 
ards, he advises contractors. Hogan holds 
regular department classes so all his in- 
spectors gain a universal interpretation 
»f code rules 
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THEY MAY 
LOOK ALIKE 


THERE'S A BIG ~ 
DIFFERENCE 
IN H 


IVE 
*SPLIT-N-SHIFT | 
DESIGN 
DOUBLES 
HOLDING 
POWER 


ZINC 


LAG 
SCREW 


EXPANSION SHIELD 


The most important engineering 
development for increasing hold- 
ing power of expansion shields in 
over 25 years The S-n-S is de- 
signed with off-center threads 
When the lag bolt enters the 
shield, a shifting action takes place 
plus normal expansion, making 


four pressure cor tact points. 


RESULTS: TWICE THE HOLDING POWER 


7 
<a \ 
¥ 








S-N-S OLD STYLE 
SHIELDS SHIELDS 


4 Points Only 2 Points 
of Contact of Contact 











hields can be used 
' sving time and 
f MAXIMUM HOLD 
e! stone ond othe 

short ond lor 


bolts 


U.S.E. Products are sold through 
recognized dealers only. 


U. S. EXPANSION BOLT CO. 


YORK, PA. DEPT. ECM.5 





ELECTRICAL 


This man needs 
eTileliil tase melele mrt. ili-la-Mei 1-1, 
} of\manufacturing space... 


CA SOUN 


to Clinch the Business 


When you're bidding on sound system specs for any 
construction, new or old, RCA gives you a competitive edge 
Why? Because in selling and installing sound, - finest 
costs no more. And RCA is the best name for quality and 
dependability in electronics 


In addition to RCA quality, you sell RCA flexibility and 
RCA engineering. When you specify RCA sound, you can 
choose from a complete line of flexible, intermatched audio 
equipment. RCA engineering talent and manufacturing 
skill show in the year-after-year performances of every 
component. It's good to know, too, that nationwide service 
and replacement parts are readily available when needed 


You can depend on your RCA Engineered Sound Distributor 
for competent assistance in planning your sound 
installations. He'll back you on custom-designing systems 
for individual requirements, and can supply the components 
you need for fast work anywhere. Now see what the 1 2-page, 
RCA booklet—"Sound in Industry can do to help you 
Mail thar coupon today! 


SOUND PRODUCTS 


CAMDEN, WN. J. 


‘ : RADIO CORPORATION of AMERICA 


I 


Radio Corporation of America 


E-41, Building 15-1, Camden, New Jersey 


Please i me—no obligation—the RCA booklet ‘So 
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North Eggert School, Eqgertsville, New York * Architect Duane Lyman & Assoc. * Lighting designed by E. S$. Burrows 


JA Sheol Pitlhn --e IN LIGHTING* 


To provide recommended levels of good quality 
illumination in a classroom with LOW CEILINGS 


THE BASIC FACTS 
measures 29 by 27 by 9 3 high. Surface 
White ceiling, 
80% RF; Green walls, 
cinder block—55% RF; Natural wood trim—40% 
25% RF; 
10% RF; Black 
7% RF; Natural wood desk top 
60% RF 


Classroom shown above 


characteristics are as follows 


perforated acoustic tile 


RF; Mottled gray, asphalt tile dado 
Dark green floor, asphalt tile 
chalkboard 


50% RF; Light tan window shades 


'Derk floor and chalkboard not recommendations 


of American Standard Practice tor School Lighting 


rial 
~ 
*Data as reported 
in the 
February 1956 


Issue of 


ILLUMINATING 
ENGINEERING 


Data submitted by Niagara, Mohawk Power Corp 
shows that SILVRAY Concentric 


Bowl Units can successfully solve problems of 


LOW CEILING SCHOOL LIGHTING 


Ring Silvered 


THE SOLUTION Nine pendent mounted concentric ring luminaires 
(Silvray Lighting, Inc. Cat. No. 1500S/3R/5) using 500-w PS-40 inside 
frosted silvered-bow! lamps were suspended 24” overall, mounted 9 
on centers. Average general illumination two months after installation 


at desk top height measured 52 footcandles 


BRIGHTNESS RESULTS 
LUMINAIRE (at 45°) Maximum 
CEILING—Maximum 


650 ft-L 
130 ft-L 26 ft-L 
FRONT WALL (between rows of luminaires) 12 ft-l 


Minimum 


(opposite rows of luminaires) 15 ft-L 
TRIM 10 ft-l DADO 6 ft-L 
FLOOR 4 ft-l CHALKBOARD 2 ft-l 
DESK TOP 25 ft- WINDOW SHADES 15 ft-l 


ey # a A a olighting ils a lways... 


SILVRAY LIGHTING, INC. 


AND ASSOCIATED COMPANIES 
OFFICE: RKO BLDG., RADIO CITY, NEW YORK 
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In The News 


Electric Heat Sparks 
Inspector Interest 


A healthy interest in the instal 
lation and safety features of resi 
heating equipment 
was displayed by than 80 
attending the 
recent 3lst Annual Meeting of the 
Wisconsin Chapter, IAEI at the 
Hotel Monterey in Janesville. Pro 
gram time devoted to the subject 


dential electric 
more 
electrical inspectors 


and the quality and quantity of 
questions asked confirmed this 
observation 

Inspectors’ interest was based 
not on mere curiosity but on the 
realization that 
they might be called upon to ap 
prove installations of this type in 


their respective areas 


in the near future, 


The possi 
heat 
rural 
areas in Wisconsin looks promis- 


bility of residential electric 
ing installation in some 
installations 
are already being studied on some 


ing at present lest 


REA lines where the Cooperative 
has established special trial elec 
tric heating rates of about 1.5 
cents per kilowatthour. The homes 
under test are using a “dual-volt 
heat” system, ac- 
Wright, Radiant 
Glass Distributors, Springfield, Il. 
With such a stem, 
heated (on 240 volts 


age controlled 
cording to ( k 


homes are 
mostly when 
other demands are light, then time 
controls switch the heating load 
to 120 volts (one-half heat) during 
peak periods. Timing controls can 
be adjusted to suit local demand 
curves. By staggering drop-off and 
return to full 


voltage operation, 


heat-recovery load curves can be 
tapered somewhat 

All electric heating installations 
must conform to requirements of 
Sections 4271 through 4286 of the 
1953 Edition, National Electrical 
Code, Jack Kennedy, General Elec- 
tric Co., told the group. Demon- 
strations of cable and baseboard 
units included detailed dis- 
cussion of design and installation 


practices in all ty 


ty pe 


pes of construc- 
were advised to 
visit cable heating jobs before the 
covering plaste1 
check 
paralle runs of cable, 


netween 


tion Inspector 


coat is added and 
minimum spacing between 
distances 
pporting staples, type of 
identifica 
able power leads and 
iiting of the installa 


staple ised, permanent 
tion tag o1 


general 


NEW CHAIRMAN of the Wisconsin 


Chapter Internation A ciation oft 

Wisniewski 

t Milwaukee ver duties of 
na 


Ridley right) of 


ctrical inspector B I 


t took place at 
meeting in Janesville 
in their 


in association 


al inspectors 


tion, and whether or not the in 
talled cable ji 


ay ailable 


designed for the 
voltage 

Similar information was pre 
ented for the baseboard and panel 
type of electric space heating 
units through display and discus 


manutacturers 


sion by represen 
tatives 
o.. 2 


neer, { ider 


Cavanagh, service eng! 


writers’ Laboratorie 
Inc., Chicago, noted that reports 
listed by U.L. 
are available for the asking; ad- 
ised that and staple gun 
heads for use with heating cable 
are also checked by the U.L. 

Floor revealed an 
area of confusion still exists con- 
application of 


on heating cables 


staple 


discussion 
cerning conduit 
seals to gasoline pump circuits on 
islands. A _ relatively 
new explosion-proof junction box 


dispensing 
with integral seals in the conduit 
hubs initiated the discussion. Gen 
concensus was that a need 
exists for 
N.E.( 
such installation 

B. F. Huffman, power use ad 
viser, Richland Center, Wis., pre 
sented a novel 
of the 


charge in rural areas 


eral 
clarification of 
regulation 


more 
concerning 


live demonstration 
lightning dis 
through 


control of 
the use of lightning rods, ground 
rods and lightning arresters. He 
advised installation of grounded 
lightning rods in trees to prevent 
killing of live stock; added that 
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THE COMPLETE LINE 
OF WIRE CONNECTORS 


MILLIONS IN USE! 


BAKELITE OR 
PORCELAIN 
“SCREW-ON” 
CONNECTORS 


BAKELITE 
7 SET-SCREW 
: CONNECTORS 


Hi offers the most complete, most depend 
able line of wire connectors welve sizes 
in Bakelite and Porcelain Preterred by 
contractors because of their compact de 
sign, high quality and low price 


FISH TAPE REELS 
AND 
PULLERS 


NEW 
STRONGER 
TAPE 


© A "3 IN 1” TOOL (8" & 12" sizes 
¢ SPEEDS WIRING . 

* SAVES TAPE... 

* GIVES A SAFE, POSITIVE GRIP. 


AS A FISH TAPE—High tensile strength 


permits maximum pull without breocking 


AS A REEL—-Protects tape 


curely yet permitting tape to be run out 


Holds tape se 


or reeled in quickly and easily 


AS A PULLER-—Eliminotes use of special 
puller and pliers Affords positive grip 
permitting user to exert strength when 
pulling tape. Offset seam and smooth 
Finish is durable 
enamel over bonderizing 


surface protects hands 


Write for new FREE Catalog 
NAME 
FIRM 
STREET 
city STATE 


BACKED BY OVER A 
QUARTER CENTURY 
KNOW-HOW IN 
ELECTRICAL PRODUCTS 


HOLUB INDUSTRIES, Inc. 


442 Eim $f Sycamore, til, 

















9300 
SERIES 


IN S TEE L— cream, waite ano ALomiNuni 


Made in 4 and 8 foot 
Units using Slimline 
or Rapid Start Lamps. 


4 and 8 foot Units 
may be combined for 
a continuous length 


of Uniform light. 


5 
STRONG — RIGID UNIT CONSTRUCTION 
NO BULKY PIECES TO HANDLE 


Slip Fitter adjustable to any 





pole spacing up to 12 feet 
without SAG. 

Luminaires made in half fix- 
tures— mechanically and elec- 
mt } trically independent of each 


fa>s 
<y-. other. 











FINEST ON TODAY'S MARKET © WRITE FOR BROCHURE AND PRICES 








6009-17 BROADWAY 
CHICAGO 40, ILL. 


ETE LIME OF FLOOOLIGHTS LUMIMAIRES AWD POLES FOR SERVIC 
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NEW CHAIRMAN of the IIlinois Chapter, 
1AE!, Joseph N. Crosno (left) of Bloor 
ington, lll., receives his gave from retir 
ing chairman John J. Ryan of Chicag 
Crosn }) power use adviser for Corn Belt 
Electric Cooperative, Inc was elected t 
the top Chapter office at the annual 
meeting of the Illinois electrical inspector 


Ch 
grout r ice ni 
; ‘ g 


ground rods could be laid in 
trenches in fairly shallow soil 
with hard rock base. 

The remainder of the two-day 
session was devoted to Chapter 
business and discussions of Na 
tional Electrical Code _ revisions, 
local code problems and a review 
of the Wisconsin State Electrica] 
Code. Delegates present voted a 
recommendation for revision of 
the Wisconsin Code to conform to 
the new 1956 NEC when published 
and appointed working committees 
to help in the gigantic task 

At the closing business session 
the following Chapter officers were 
elected: Chairman—B. R. Wisni 
ewski, Milwaukee; vice chairman 

J. E. Morren, Oshkosh; secre 
tary-treasurer—John E. Wise, 
Madison. Members of the Execu 
tive Board include: retiring Chap 
ter chairman Rex J. Ridley, Janes 
ville; Thomas Hosni, Jr., Milwau 
kee; R. J. Schnettler, Sheboygan; 
and Richard Van Der Meer, Keno 
sha. The next annual meeting will 
be held in Milwaukee 


F Lamp Light 
Output Doubled 


A major “break-through” in 
fluorescent lamp performance has 
been announced by the Lamp Divi 
sion of the General Electric Com 
pany. A new lamp known as the 
“Power Groove” is 8 ft long, 24 in 
in diameter with a series of deep 
indentations or grooves in the gla 





, 200 watts at 1.5 
proximately double the 

itput of the 8 ft T12 rapid 

at the same efficiency. 
announcement was 

re manufacturers and 

idusti press to encourage 
development of fixtures and com- 
ponents designs for the new light 
source. The new lamps are not in 
terchangeable with existing lamps. 
New ballast lampholders and 
fixtures are required for their ap 
plication. Sample production will 
be available to manufacturers for 
design purposes in June. Trade 
quantities are expected to be avail 


for 1957 installation 


Japanese Electrical 
Contractors Visit U. S. 


Japanese electrical con- 
trac visited the United States 
March 2 to April 12. This group, 
composed of individuals engaged 

management, technical opera 
and labor relations, formed 
team under the sponsorship 
the International Cooperation 
iministration, Washington, D. ( 
Purpose of their visit to the 
ted States vas to study and 
serve the construction and main 
ance of transmission lines and 
tems in this coun- 
as electrical installa- 
io lustrial plants, office 
building and housing projects 
Specific ies included organiza- 
inagement practice 


THREAD OF A STORY or 
eo} 1 interested M. R C 
sperinter 
ic (Tl 
d by J 
ot w 


tenance 


DRIVE-IT 


POWDER-ACTUATED TOOL 


Cuts Fastening Costs 
On Steel Decking Installation 


J. S. Stephens and Sons, Tampa, Florida contractors, used DRIVE-IT tools to speed the 
installation of the steel decking used as the roof of the Dunedin Shopping Center 
Mr. Stephens used two mode! 330 DRIVE-IT tools to drive over 4,000 drivepins to anchor 
the steel decking to the steel roof trusses. Installations of this type average about 75% 
savings over drilling and other outmoded fastening methods. If you fasten anything to 


concrete or steel you can save with DRIVE-IT tools. 


DRIVE -IT 330 


25 CALIBER TOOL GIVES THESE ADVANTAGES 


@ ONE POWER LOAD. Only one strength power load needed 
whether fastening into hard or soft concrete. No need to 
stock several strength loads 

@ INTERCHANGEABLE '/," and 3," BARRELS. One tool drives 
wide range of fasteners 

@ LIGHTWEIGHT, EASY-HANDLING DRIVE-IT 330 weighs only 
6 pounds, is 13 inches long. Compact. Simple trigger opera 


tion speeds work 


@ SAFE. Large safety pad plus built-in mechanism guards 


ti L Bm, against accidental discharge, must be depressed against work 
eee 1 ME trigger can be pressed 
et Ree Ee a ee ene ne ee 


SEND COUPON FOR INFORMATION AND DEMONSTRATION 
POWDER POWER TOOL CO. 
Send literature | want a fre 
5001 $. E. Johnson Creek Bivd C] Sond Moree [] J, A, 
Portland 6, Oregon 
Name 


Address 


City State 


Copyright 1956 by Powder Power Too! ¢ Portiand 6, Oregon 


£ coc anan as as anenasenenenanaseseresananeneaaenesasanebee 
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HOW TO DESIGN 
TIME SWITCH CONTROL 
INTO CIRCUITS 


Determine type of circuit control 
desired 
a. For time control of a single 
circuit, select a single-pole 
time switch 
For time control of two cir 
cults, operated simulta 
neously, select a two-pole 
time switch 
For time control of two cir 
cuits, operating indepen 
dently, select a two-circuit 


time switch 


2. Determine total load to be time 
controlled by individual time 
switch 

a. Determine connected load 
of circuit 

b. Allow margin for possible 
subsequent load additions 

c. Select time switch size ade 
quate to carry connected 


and marginal load 


3. Determine type of time control 
operation desired 
a. Select hourly dial, if time 
control is to operate on 
specific hourly base 
b. Select astronomical dial if 
time control is to operate 
on variable daylight-dark 


ness base 


4. Determine frequency of time con 
tro! operation desired 

a. Select standard operation 
if daily repeat—single or 
double-—cycle is desired 

one cycle equals one 

on”, one “off” operation 

b. Include omitting device if 
daily repeat operation is 

to be inte,rupted at speci 

fied intervals (for Sunday 


shutdowns, etc 


5. Determine physical location of 
time switch control 

a. Select general purpose en 

closure for indoor location 

b. Select weather-tight enclo 


sure for outdoor location 











THE 


RELIANCE 
TIME SWITCH 
LINE 


Three basic time switch 
models satisfy 90% of all 
time switch applications 


© Simplities time switch selection 
problem. 


© Assures full scale quality at com- 
petitive price. 





Model W 

Versatile 30 amp. switch available in seven 
standard types for a variety of control applica 
tions Silver contacts Bross gears run with 
steel pinions One piece, deep drawn steel 
cabinet with hinged cover. Combination 2 and 
Y4-inch knockouts. One- of twa-circuit control 
Three types available with astronomic dial 


Model 400 


Budget-priced 20 amp. switch with all of the 
convenience features of the higher priced models. 
Silver contacts. Precision stamped gear train. 
One-piece deep drawn steel cabinet with hinged 
cover. Combination V2- and %-inch knockouts 
Vernier time set 


Badger Model 
Heavy-duty 50 amp. switch for dependable con 
trol of substantial loads. Copper-to-copper con 
tacts with pressure type terminals Brass gears 
run with steel pinions. Vernier time set. Indoor 
or outdoor cabinets. Optional features include 
omitting device, extra trippers and one-hour dial 


Write for FREE Catalog 


RELIANCE AUTOMATIC LIGHTING CO. 


1927 Mead Street Racine, Wisc. 


RELIANCE TIME SWITCHES 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


ATTENDING ELECTRICAL ESTIMATING 
Institute at University of Wisconsin, Mad 

on, were David H. Cochran (left elec 
trical estimotor for E | ju Pont cde 
Nemours & Co Wilmington, De nd 
Wm. A. Fournier, cost engineer, engineer 
ing department, U. S. Gypsum Co., Chi 
cago. Both men are responsible for esti 
mating electrical system costs for new 
and rehabilitated plant facilities for their 


respective companie 


contracting methods, labor-man- 
agement relations and technical op- 
erations, such as the construction, 
repair and maintenance of over- 
head and underground systems and 
the application of safety methods 
and codes. They visited with and 
were welcomed by American ele 
trical contractors, public utility 
officials, electrical equipment manu- 
facturers and labor union represen- 
tatives, who shared their experi- 
ence and technical knowledge with 
the group. Projects visited included 
the new Coliseum in New York City 

Itinerary for the study team was 
arranged in cooperation with 
American firms to enable the 
visitors to observe establishments 
whose operations are character- 
istic of our general working condi- 
tions, also to enable them to ac- 
quire knowledge regarding the 
social, cultural and economic 
phases of American life. The 
itinerary included the following 
electrical contractors: Emil J 
Weber Elec. Co., San Francisco; 
Corbin-Dykes Elec. Co., Fischbach 
and Moore, Inc., Gannon and Wat- 
son Elec. Co., and Industrial Ele« 
Co., Phoenix; Buffalo Elec. Co., 
Inc., Buffalo; Krause & Heil, Syra 
cuse; Fischbach & Moore, Inc., 
New York City. 

The Japanese Electrical Con- 
tractors Study Team is the eleventh 
group of Japanese industrialists 
and technicians to come to the 
United States since June 1955 
under the International Coopera- 
tion Administration’s program of 
technical cooperation in Japan. 
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FOR EVERY 
SIZES OF SPECIAL 


LIGHTING NEED! 
LARGE RADIUS 


i PITTSBURGH PERMAFLECTOR 


FLUORESCENT AND INCANDESCENT 


LIGHTING EQUIPMENT 


In office or plant, drafting or classroom, storeroom or 
boardroom—Pittsburgh Permaflector Lighting Equip- 
ment assures you the light you need where it’s needed. 
Standard incandescent and fluorescent units, or combi- 
nations of both, for commercial, institutional and 
industrial lighting. 











% Ae) : 
Mp te” r 











pipe sizes 


INCANDESCENT & FLUORESCENT 
marine. ee «= COMMERCIAL UNITS 


Selling Floors 


1 

1 
1-3" ine. ata” ili 

1.4" tne. ; wor . [ | Ceiling Recessed 
1%. ”“ . } 
1 
1 
1 


C) 
Bip ot a [") Show Window —["} Offices 
ai ten —— Fr () Display & Spot [-) Lobbies 
2-6" ine vad ' [| Marquees [| Storerooms 
Also available 45 30° and 60° LL 
All are U.L. approved 


CONDUIT PIPE PRODUCTS CO., » INCANDESCENT & FLUORESCENT 
INDUSTRIAL UNITS 


[ [| Storage 
[~] Drafting Rooms [| Offices 

[| High Bay Areas {—| Low Bay Areas 
{} Exterior Flood (| Work Yard 


‘ “sans COLUMBUS, OHIO 

4 C0 

vou | Work Areas 
Te) Gemme), | @ ami.) lelticl Meg elas? tad 6) 





SPECIFY 


INCANDESCENT & FLUORESCENT 
INSTITUTIONAL UNITS 


() Gymnasiums [—} Auditoriums 
[) Classrooms [} Laboratories 
{| Churches [} Hospitals 
(| Hotels [| Museums 


INCANDESCENT & FLUORESCENT 
MISCELLANEOUS UNITS 


(_] Athletic Fields (_} Foyers 
(_} Airports (~) Hangers 
{~) Exhibition Halls [) Armories 


WRITE FOR BULLETINS 
Check applications, clip and mail for data. 


PITTSBU RGH REFLECTOR COMPANY 


yy 404 OLIVER BUILDING, PITTSBUR 
SODERING NG, PITTSBURGH 22, PA. 


BRAZING : 
6 j FLUORESCENT INCANDESCENT 
WE LBING Z 


hl tig In Canada: 
Sold thru Distributors Send for catalog Holden Lighting Ltd., 


L. B. ALLEN CO., Inc. 105 Tycos Drive, Toronto 


6703 BRYN MAWR AVE., Chicago 31, Hil. 
REPRESENTATIVES IN PRINCIPAL CITIES @© WHOLESALERS EVERYWHERE 
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STRONGEST FASTENATION 


at Hollywood and Vine... 


THE CAPITOL TOWER, 
spectacular new home 
of hi-fi Capitol records, 
dominates the heart of 
Hollywood, California. 


First circular office 
building in the world, 
it was designed by 
architect Welton 
Becket; contractor is 
C. L. Peck. The $2 
million structure is 15 
tories high, acousti 
cally engineered for 
minimum sound dis 
turbance: has under 
ground reverberation 
chamber with foot 
thick concrete walls 
buried 25 feet into 
tiv f irth 


“ue 


NEED A KILN GUN? 


limke 
“ L 


Designer 
ve 


for 


A dozen floors above the street, 
in America’s new Tower of Music, 
this workman anchors steel channel 
as easily as squeezing a trigger— 
driving fasteners straight, deep and 
powerfully into solid concrete with 
the RamMseT® Duo-JOBMASTER. 


Complete flexibility with 


DUO-JOBMASTER 


Both 44” and %” fasteners are set 
with the same tool, the new RAMSET 
Duo-JOBMASTER. It’s the famous 
RAMSET tool with two interchange- 
able barrels—to handle every fas- 
tening job with any style or length 
fastener. 


\ 
HOLLY Wr 


rw 5 


bie, 


2 oo: la, 
setae 


tii | 


No matter what the construc 
tion problem, if it requires 


RAMSET will do it better, faster, 


( 
( 
{ fastening to steel or concrete 
( 
( cheaper. Ask for new free cata 


California Sticks 
to '37 Wire Tables 


California’s safety orders have 
not accepted the National Electrical 
Code carrying capacity tables since 
the 1937 code. As a result of a wire 
users committee report to the Divi- 
sion of Industrial Safety, A. C. 
Blackman, chief of the division, has 
stated that the findings substanti- 
ate the position of the division in 
retaining its safety orders ratings. 
He said, however, that the orders 
are subject to review at any time 
in light of new developments. 

Effort to get the California 
safety orders to adopt the 1940 and 
subsequent current carrying capac- 
ity tables throughout the succeed- 
ing years has met a challenge from 
the division to show proof that the 
previous tables would cause an un- 
safe condition. In order to obtain 
actual field evidence a wire and 
cable users committee was ap- 
pointed among California indus 
tries. These included aircraft, 
steel, metal trades, gas and petrol- 
eum, food processing and public 
buildings. Temperature tests were 
conducted on existing raceways for 
a period of over a year. More than 
274 sets of surveyed data from all 
sections of the state were assem- 
bled. Data were taken on the most 
heavily loaded circuits and under 
the highest ambients found. 

The final report of the committee 
recommended that (1) the present 
current carrying capacity tables of 
the electrical safety orders be re 
tained, (2) that some restrictions 
or prohibitions be formulated to 
govern the re-use of re-installation 
of 600-volt wires and cables that 
have been withdrawn from ducts 
or conduits, (3) that consideration 
be given to further study on the 
several topics mentioned in the 
appendix to the report. These in- 
clude heating in large fuse enclos 
ures, wiring space in over current 
enclosures, safety switches, plastic 
wires and cables, conduit fittings 
They are of the utmost importance 
and bear serious threats to safety, 
the committee reports. 

In the interior valley where 
ambient temperatures in the vicin 


‘ ae Sete Oe 998. ity of the cable installations reach 
100 F to 125 F, with some as high 
as 140 F, code grade rubber i: 
sulated cables have been used su 
cessfully on the older installations 


Ramset Fastening System | with loads near the maximum al 


lowed by the safety orders, the 


pn fn frm frm fm fm Lm 


mn 
) 

) —* rem 
| Sepeaeet 

t 


in fn fn fm fm ffm 


WINCHESTER-WESTERN DIVISION . mer 

report says, Cable failures reported 

OLIN MATHIESON CHEMICAL CORPORATION from other causes do not seem to 
bear any relationship either to the 
12105-E BEREA ROAD . CLEVELAND 11, OHIO current loading or temperature 
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Only Y-ER EAS has all these features 


Creamy, non-corrosive ly- 
bricant. Never greasy or 
messy 

Prevents sticking or set- 
ting. Specially helpful on 
saddles and turns. 

Does not run back on 
cables 

Never harmful to hands 
or clothing 

Permanently non-harmful 
to cables or condvil. 


= 7 
Lead, Rubber, Br 
ic Covered & Cables 


improved YER EAS tested and approved by the 


Underwriters Laboratories, inc 


AT ALL LEADING ELECTRICAL SUPPLY HOUSES 


xo 


)W. 150th St., Cleveland 11, Oni 


It doesnt 

Cost... 
it Pays 

to uSe... 


HELWIG seuss 


Brushes are manu- 
factured to size — 
need not be cut down 
to fit commutator. 
It pays to protect 
your electrical equip- 
ment with 
HELWIG CARBON 
BRUSHES. 


HELWIG CO. 


CARBON PRODUCTS 


2546 N. 30th ST 


MILWAUKEE 10, WIS. 








[=] Feccero co COMPOUND 0. 


STEP 


bf DALET 


Write for your 
FREE Degd sample 


tagged as shown 


THE Adalet MANUFACTURING COMPANY sD 


14300 LORAIN AVENUE ° CLEVELAND 11, OHIO 


EXiX2" NYLON 
CLOSED-END 
CONNECTORS 
CAN 
“TAKE a 


No more vibration problems ...no more high- or low- 
temperature problems! Pigtail splicing is safe, quick, 
permanent with A MP insulated connectors. They're easily 
applied with the A-MP Super-Champ Hand Tool 

API offices in major cities carry complete lines of A-MP Nylon Closed-End 

Connectors, Solistrand”, Plasti-Grip®, and Pre-insulated Diamond-Grip 

Terminals designed to meet the most stringent requirements 

Ask your API salesman about Custom Fitted 

Terminal Kits. He can supply and service a Kit 


~ 
) . 
wg designed to include only terminals you need 
r, 








S <a 


Atianta, Ga Hawthorne, Cal 
Boston, Mass Maplewood, N. J 
Chicago, it Philadelphia, Pa 
Cleveland, O Pittsburgh, Pa 
Dallas, Texas St. Lovis, Mo 
Detroit, Mich San Francisco, Ceol. 
TRADE MARK 
Subsidiory of Aircraft-Marine Products, Inc 


AMERICAN PAMCOR, IMC. 181 Hillcrest Ave. Hovertown, Pa. 
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WHAT’S THE LAW? 


By Jack and Michael Strauss 


QUESTION: Must an electrical 
contractor backfill 
trenches excavated 


THIS IS THE CARTON by him be or 
to look for course of his work? 


mae easten te tabeied Mr. Boone, a general contractor 
for complete ond quick ax \ engaged in the construction of a 
identification. laundry building, sublet the elec- 
trical work to Homer. During the 
course of Homer’s work, he exca- 
vated trenches so that electrical 
ducts might be laid. After the 


COMPLETE i work was completed and 


while the excavation dirt was still 
LINE alongside the trenches Mr 
Joone demanded that Homer do 


the backfill. 
OF “My bid said nothing about my 


having to do backfill’, the elec- 

trician objected. “My proposal was 

to do the electrical work as per the 

plans and specifications and 

the specifications, which were part 

of the general contract, provided 

that all refilling and backfilling, 

required by new construction, be 

performed by the contractor for 

» F i T T general construction. That means”, 

\ * fe G Homer concluded, “it’s your job to 
> , backfill, not mine.” 

~ Zs ; In spite of his argument, how- 

at ever, Mr. Boone vehemently in- 

a e sisted that Homer do the backfill. 

teluctantly, the subcontractor 

© COMPRESSION complied. But, when he finished, 

© SET SCREW he demanded extra compensation. 


P © BM INDENTER When Mr. Boone refused to pay it, 
the irate Homer sued. 
Gives You T Y p E S$ “Tt sett tc of his job to do the 
backfill”, Mr. Boone insisted in 
court. “He dug out the dirt . 
he’s got to put it back.” 
THE CORRECT TYPE FOR EVERY THIS WAS THE DECISION: The 
Court held f H . It said 
INSTALLATION NEED = while, a’ caliente nace 


stances, it might be expected that 
It always pays to buy quality that is why it pays to a contractor be required to refill 
excavations dug by him, such is 
not the case where a written agree- 
easy to work with each is correct for its particular ment provides otherwise. 

In this case, Homer’s bid was 
based upon the specific provisions 
of the general contract and specifi- 
cations . which provided that 
that never varies. all filling and backfilling, required 

by new construction, be performed 

Each fitting is tough, precision threaded, perfectly finished. by the contractor for general con- 
struction. For doing the backfill, 

Buy WAGNER . . . buy for dependability! the court concluded, Homer, by 
implied contract with Mr. Boone, 

is entitled to the reasonable value 


WAGNER MALLEABLE PRODUCTS CO. J —_———hibacinins 


952 ; £0 - 
General Sales Office 222 W. Adams St., Chicago 6, III (Based upon © 1968 Minnssote De 


cision. State laws vary. For ner- 
Foundry and Plant: Decatur 60, II! ‘ j. F I 
sonal quidance, see your attorney.) 


specify Wagner EMT Fittings. Eachtype is designed to be 


purpose. 


This comprehensive line of EMT fittings is tops in quality 
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FIVE REASONS WHY 


BROOK MOTORS 
1 TO 500 We. OFFER DEALERS MORE 


~ / —_ 1. There is no better a.c. motor built 
CURRENT f than the Brook Motor—yet, they cost 
REQUIRED less. Dealer is in better competitive 
; position. 
Indoor Sa ; - -» Brook carries large stocks in major 
ond _—_— ~~ cities all over the U.S.—you are as- 
= ' oe rr sured of prompt delivery. 
Outdoor - — a 
rE - Brook Dealer Franchise assures dealer 
Models of 100% cooperation—more flexibility 
; in other lines handled. 
For permanent installation a . 4. Brook national advertising and sales 
. tla promotion, backed by Brook 
on industrial projects or \jeqpected moter| field men, helps you seli-—makes 
Neves | your job easier. 
» Complete Customer Satisfaction—they come back to the Brook Dealer 
for more Brook Motors. 


Write for BROOK 10-point Dealer Franchise Plan. 


waite 00?” Selective or common FAST DELIVERY OF ALL POPULAR MODELS 


FOR ringing and semi-selective Brook Motors are available from warehouses at: Chicago; Dallas; Jersey City, N. J.; 
CATALOC Los Angeles; Memphis; Salt Lake City; San Francisco; Savannah, 
~ er common talking Ga.; Seattle; Tampa, Fla.; and other major distributing points SINCE 1904 


HOSE-McCANN 


TELEPHONE CO., INC 3553 WEST PETERSON AVE. CHICAGO 45, ILL. 
761 THIRD AVENUE 
BROOKLYN 32,N. Y 


temporary use on construc- 


tion jobs Minimum Up- 


4 REPORTS ARE POURING 
- SIN FROM EVERYWHERE- 


ie 
ew i¢ 
a call 
“The Barth Cable Pull 
er 1s the greatest thing 


that has hit the indus 
try in 30 years!” 


r oe “Saves our men many 

i wt hours of back breaking 

r K& H ss labor! Paid for itself 
in a week!” 


UNIVERSAL PRESSURE TYPE ~ 


ADJUSTABLE LUGS | 


One or two bolt holes 


Don't waste precious skill on old fashioned back breaking 

methods of pushing tape and pulling wire. Put sarth 

Puller to work NOW pushing tape and pulling wire the 

way electrically! 

THE BARTH CORPORATION, 12664 Brookpark Road, Cleveland 30, Ohio 
Please send complete Cable Puller data folder and prices 

NAME YOUR COMPANY 


Writs for dimensions and prices 
ADDRESS 


KRUEGER & HUDEPOHL, INC. ony son. 


5 EAST THIRD ST CINCINNAT 
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SHIELDED WIRE aad 


INTERCOMMUNICATIONS 
CABLES... 


ADVANCED DESIGN, HIGHEST QUALITY, DEPENDABLE 


SOUND SYSTEM CABLES 


Semi-Rigid, Polyvinyl Chloride Types. These wires have excellent insulation resist- 
ance and electrical stability under high humidity conditions. Semi-rigid Plastite® 
insulation is tough abrasion resistant and flame resistant. Types available: solid 
and stranded conductor; semi-rigid vinyl or enamel textile insulation; bare or 
tinned copper shield. With or without cotton braids or vinyl jacket. 





INTERCOMMUNICATION CABLES 


TELECABLE® Multiconductor Paired Inside Wiring Cable. Furnished in #24 AWG 
in 6, 11, 12, 16, 21, 26, 32, 51 and 76 pairs, and in #22 AWG in 6, 11, 12, 16, 
26, 32 and 51 pairs. These cables have semi-rigid Plastite insulation and brown 
or ivory Plastite jacket. They are light weight, easy to install, have excellent 
insulation resistance and are unaffected by humidity. The color-coded polyvinyl! 
chloride insulation does not tend to cold flow even when the cable is bent sharply 
as it often is when placed in conduit. 


LS ——— — — 


SIGNAL WIRE 
Bare soft copper conductors insulated with high dielectric strength polyvinyl! 


chloride insulation. Underwriters’ Laboratories approved for fire and burglar 
alarm system internal wiring 


AND A COMPLETE LINE OF MICROPHONE CABLE 





WB HAS that which so many others have yet to gain . . . EXPERIENCE 


WELL BUILT WIRES SINCE 1899 








©1956 


<> WHITNEY BLAKE COMPANY 





NEW HAVEN 14, CONNECTICUT 
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DATES AHEAD 


Illuminating Engineering Society 
Midwestern—lIndianapolis, Ind., May 
10-11 Canadian Chateau Fron 
tenac, Quebec, P. Q., Canada, May 
17-18; and East Centrai—Shore! 
Hotel, Washington, D, C., May 24 


International Association of Electrical 
inspectors INMinois Chapter St 
Nicholas Hotel, Springfield, Ill, May 

25 Ontario Chapter LaSalle 
Hotel, Kingston, Ontario, Canada 
June 2; Virginia Chapter—Roanok¢ 
Hotel, Roanoke, Va June 25-26 
Southern California Chapter—-San 
Diego, Mar. 28, Long Beach, May 
23 and Santa Monica, July 25; South 
ern Section—Conrad Hilton Hotel 
Dallas, Texas, October 22-24 


National Association of Electrica! Dis 
tributors—48th annual convention, 
Ambassador-Chelsea Hotels, Atlantic 
City, N. J., Week of June 19 


International Home Building Exposi 
tion—-New York Coliseum, New Yor! 
City, May 12-20 


National Industrial Service Associa 
tion, Inc.—-Annual convention [elle 
vue Stratford Hotel, Philadelph 
Pa., May 13-17 


Pacific Coast Electrical Association, 
Inc.—Annua! convention, Las Vega 
Nev., May 14-16. 


Design Engineering Show onve 
tion Hall, Philadelphia, Pa May 
14-17 


Southeastern International Industrial 
Exposition Lakewood Pa \t 
lanta, Ga., May 25 


Edison Electric Institute—-24th a 
convention Atlantic ‘ity R 
June 4-7 


National Fire Protection Association 
60th anniversary meeting H 
Statler, Boston, Mass., Jun 1-> 


NAWB CHAIRMAN, Car! Bremict 
Minneapolis, tells Chicag ect 


representative how Ad 


nowballing through 
Mr. Bremicker made j 


it the Chicago Better Wiring 


ue 


was chairman of the 
Adequate Wirir 








‘Calibrated .. . 


Indispensable 2 m7] to make » * 
For et 4 PERFECT \ai 





ROTAMETERS| Ht @ Snap! 


© CONTRACTORS \Wise” b <2 insulated 
@ ARCHITECTS Re, | Z splices 
© ENGINEERS 











No calculations—no chance for error One-piece snap-on Nylon Splice Cap Insulators assure 
measures curved and irregular lines quickly-applied splice insulation—even in extremely cold 


and will totalize number of straight weather, even on very flexible wire. 
lines. Run roller over line from right 


to left and read exact measurement For use on Buchanan Splice Caps for 2 , 18's thru 3 48's or 
from dial. Press stem to re-set to zero. 2 + 6's, as installed with the Buchanan C-24 pres-SURE-tool 
You can't afford to be without it! same tool terminates from 1 416 thru 1 +8 with only one size 
| Finest Swiss precision instrument. Termend® Lug. 

Guaranteed. Literature available. - : 
| #1860—graduated in inches and tenths Insulators are approved for 600 volts on building wire, 1000 
| # 1864—<calibrated for 4” scale plans volts in fixtures—in applications to 105 C. 

| #1868—calibrated for 4” scale plans 
| $12.00 post paid FAST SURE LOW INSTALLED COST 
| 


Order direct or through your dealer. Ask your dletibuter er welte fer Sultetin SES 





‘ 


} Special MEGOHMETER § 


Smallest, most efficient, 
accurate megohmeter 50 még- pres-SURE-tools Ter 


ohm cap. Fully guaranteed 


Mighty Midget.. Only $75.00 , BY D> ELECTRICAL PRODUCTS 
Z 





CORPORATION 
HILLSIDE, NEW JERSEY 


Leather Carrying Case inct 
Write f f particula 





VINYL NYLON 
ops plice p Insulators 





R. A. KOENEMAN CO. 


| > Gasaccumvulater Ce. (Canada) Ud., 
1408 Delmar Bivd., St. Louis 3, Mo. IN CANADA/ 1 Gower St., Toronto 16, Ontario 





¢ 











NOW! Bend Conduit | Sa INSTALL 1 — OR 60 
...fast and Accurate iy“ EASILY! 


RUGGED PORTABLE PIPEBENDER FOLLOWS 
THE JOB WORKS IN ANY POSITION 


ALL STEEL CONSTRUCTION 
FASTER THAN HYDRAULIC 
MAKES 180° BENDS COM 
PLETE MACHINE 
NO LOOSE PARTS 


PORTABLE—66 185." 4 “BUFFALO” 


... EASY TO HANDLE 


--» NO MAINTENANCE PACKAGE 


BUILT IN SQUARE 


AND SCALE FOR PROPELLER FANS 


CHECKING BENDS 





Above are some of the 60 “Buflalo” Design 
54 Belt-Air Package Fans delivering 
1,439,000 cfm on only 66 HP in a large 
Coliseum. Here's a new high in pertormance 


LOWEST COST, @ Now! Many big jobs opened up 
MOST EFFICIENT by this big new line! 
UNIT AVAILABLE 
New economy in first cost and 


for these simple -to-install fans. Rugged, 
ASK YOUR SUPPLY HOUSE aiiietedinn ental 


long-lasting construction too, 5 to 144” 
The CHICAGO Bender will make your work are ee P ‘ sizes. Think of the wide range of jobs you 
easier the No. | shown bends '2”, %’ w high in pertormance vor can handle easily, rapidly and to satisfaction! 
and 1” in 2”, 4” and 5” radii. No. 2 propeller fans! Write for prices, details today! 

bends 1'4" and 1'2" pipe in 7” and 8'A” 

radii. Both are also made for Thin Woll 


ome FOR FULL DETAILS...WRITE... BUFFALO FORGE COMPANY 


520 BROADWAY BUFFALO, N.Y 


Canadian Blower & Forge Co., Lid., Kitchener, Ont 


Sales Representatives in all Principal Citi 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING 


838 SO. CENTRAL AVE. CHICAGO 44, ILLINOIS FORCED DRAFT COOLING HEATING PRESSURE PLOWING 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 





Tea aay 


in wiring and rewiring 





PRESIDENT of the Electrical Contractor 
Association of Ontario is Roland L. De 
Mers of Windsor, Ontario, Canada 
wiring enthusiast he hos diverte 
activity of his contracting firm alm 
tirely to upgrading wiring in 

homes and has found it to be 


able Local advertising by 


It’s 4 BASEBOARD “4 F getting better thar anticipated 


American Society of Heating and Air 
It's a MULTI-OUTLET I AY/1,| -—-y Conditioning Engineers Semi-an 
‘ nual meeting. The Shoreham, Wash 

ington, D. C., June 18-20 


: New York State Association of Electri 

It's a METAL RACEWAY SYSTEM cal Contractors and Dealers, Inc. 
Annual convention Saranac Inn 
Saranac Inn, N, \ June 24-29 


International Association of Electrical 

Inspectors Section meetings 

Northwestern Section Newhouse 

Hotel, Salt Lake City, Utah, Sept 

10-12; Southwestern Section— Hotel 

and city to be announced, Sept. 17 

19; Western Section—-Statler Hotel 

St. Louis, Mo., Sept. 24-26; Canadian 

Section-—-King Hotel, Toronto, On 

2200 Plugmold Baseboard is a brand new companion to tario, Canada, Oct. 12-13; Eastern 

Section-—-Wentworth - by - the - Sea 

, ‘ z Portsmouth, N. H., Oct. 15-17; South- 

Simplifies It is a combination raceway that serves as a multi-outlet ern Section—Statler - Hilton Hotel 
all wiring system, a wiring system and a steel baseboard . . . all Dallas, Texas, Oct, 22-24 


and rewiring three in one. Illuminating Engineering Society—-Na 


. tional Technical Conference, Hotel 
2200 Plugmold Baseboard is the modern answer to all Statler, Boston, Mass., Sept. 17-21 
residential, commercial and industrial building wiring ; 
Red 4 . = ding mg Instrument Society of America——Elev 
educes and rewiring problems. It reduces rough-in wiring to a enth Annual Instrument Automation 


rough-in minimum, and saves installation costs. Conference and Exhibit, New York 
Coliseum, New York City, September 
2200 Plugmold Baseboard supplies duplex outlets every 17-21. 


Wiremold’s famous multi-outlet and wiring raceways. 


SAL ALLL | 


30” ot 60” and has a capacity of 10 No. 10 or 3 No. 6 National Electrical Contractors Assn. 
conductors, It can be installed in homes, apartment 55th Anniversary convention and 
Second National Electrical Exposi 
: : _ tion, Sheraton-Palace Hotel, San 
factory assembly line or perimeter wiring. Francisco, Calif., September 23-29 


Makes wiring buildings, offices, stores, showrooms and is ideal for 


and rewiring 


»rofitable 
, 2200 Plugmold Baseboard meets a// NEC requirements National Electronics Conference-—-Ho 
f. fi | : , : tel Sherman, Chicago, l., October 
and is listed by Underwriters’ Laboratories, Inc. 1-3 
For further information, Write to Dept E-5 International Association of Electrical 
Leagues—-2lst annual conference 
( - fr ~ Sheraton Cadillac Hotel, Detroit 
y mm) (I r a) ~ (a) Mich October 3-6 
WiIiRemMoLD 
THE XN L ms —_— esX COMPANY Nationa! Electrical Manufacturers As- 
sociation Annual meeting, Tray 
HARTFORD 10, CONNECTICUT more Hotel, Atlantic City, N. J., Nov 
ember 12-16 
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One Fixture Cost One instolienen Cost 








indoors or outdoors Roto 
ideal for lighting 
signs. Illustration shows 5 
light floor mounted and 3 
ight ceiling mounted Roto 
Strip beaming light at sign 


from all angles 


< 
Strip 


This complete shallow unit 


ivailable f yrftace. corner 


or recessed mounting) has 
built-in recessed roto sockets 
that swing 90 1 all direc 
tions through a 


i complete 
360° circle 


ind stay put 
Available in 
tock sizes of 2’-3'-5' and 8 
engths 


a? any ingie 


Send For Complete Sold Through 
Catelog No. 5418 Wholesale Distributors 
MANUFACTURERS OF LIGHTING FIXTURES INCLUDING 


=> 


Lewrred Corlings Rote biog Luminette . Kieen VU 


NEO-RAY PRODUCTS. Inc. 
315 East 22nd St + New York 10 N Y 


MINERALLAC 
“PULL-IN” 


COMPOUND 


“tiuewace’® 


Compoun? APPROVED 


by 
UNDERWRITERS 
LABORATORIES 


For Rubber, Synthetic, Plastic 
or Lead-Covered Wires or Cables 


Approved by Underwriters Laboratories 
for lubricating wires and cables to facil- 
itate pulling them into conduits. Not in- 
jurious to wire or wire covers. Free of 
objectionable odors. White in color. Will 
not drip or run. Convenient pint, quart, 
“ gal., gal. and 5 gal. cans. Available 
through your electrical jobber. 


MINERALLAC ELECTRIC COMPANY 


25 North Peoria Street, Chicago 7, Illinois 


MINERALLAC 


LIQUATITE The New Flexible Conduit that 
Protects Wiring Against Liquids and Vapors 








LIQUATITE, the Machine Tool Gray Liquid-Tite Flexible 
conduit, not only gives the protection of rigid conduit but 
also is coated with a vinyl plastic extruded cover that resists 
chemical action and abrasion. 

Then, too, the flexibility of LIQUATITE compensates for 
equipment motion and vibration as well as making it easy 
to use in hard-to-get-at places 








All of these factors coupled with positive seal that locks 
LIQUATITE’S special pay 

out carton has been devel out oil, chemicals, water, grease, dust, and injurious vapors 
oped fo eliminate knots and combine to insure tight, dry electrical raceways that elimi 


gles and prevent 


nate costly shorts, burnouts and down time 


Although Machine Tool Gray is the standard LIQUATITE 


color it is also available in all other colors as well as black 


far 
to conduit rour 
‘1 


or 


or white on special order 


ELECTRI-FLEX COMPANY 


ROSELLE . LLIN¢E 


Efficiency Racks are 
compact and are scientifically designed to carry 


Nested Conductor simple, 


conductors equidistant from center to center. One 
bolt supports the bushings, and clamps the bush 


Available in 2-3-4-5 


ing support to the frame 


and 6-bushing racks 


Write for Catalog 38-A 


MANUFACTURERS OF EFFICIENCY 
ELECTRICAL DEVICES FOR CONDUIT 
AND WIRE CABLE SUSPENSION 


AND MANUFACTURING CO. 
EAST PALESTINE, OHIO 
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A GUARD AND MOTORS <a: ol 


with NELSON 
HIGH VOLTAGE bt ; 
SEGREGATED Cold Cathode Lighting Corp., 


MOTOR HIGH VOLTAGE FUSE Long Island City, N. Y.—Seymour 
COMPARTMENT W. Brody, vice president. 

Bell Sound Systems, Inc., Colum- 
bus, Ohio—K. L. Bishop, president 
and general manager of this sub- 
sidiary of Thompson Products, Inc. 

Compco Corp., Chicago, Ill. has 
purchased the lighting division of 
Mitchell Manufacturing Co., also of 
Chicago. 

BullDog Electric Products Co., 
Detroit, Mich.—Perry M. Green, 
Jr., sales manager of unit-substa- 
tions. 

Link-Belt Co., Chicago, Ill. 
Richard E, Whinrey, vice president. 

Westinghouse Electric Corp., 
Weatherproof assembly for controlling two Pittsburgh, Pa. Vice President 
125 h.p. synchronous motors on compressor 


Headquarters Announcements 


Safety interlock prevents access 
to fuse compartment until mo 
tor is taken off line 


The current-limiting power 
fuses prevent costly repairs SEGREGATED 


associated with short circuits ; LOW VOLTAGE CONTROL 
le COMPARTMENT 


Steel barriers completely segre- 
gate high and low voltage 


compartments 


Nelson High Voltage Motor Starters 
with current limiting fuses are used 
for controlling 2400 to 5000 volt 
motors, Furnished with air-break or 
oil-immersed contactors Indoor or 
Frank L. Snyder has been appointed 
tc the staff of A. C. Monteith, vice 
president in charge of the appa- 
, ; ratus products division. John H. 
NELSON $leclec MANUFACTURING CO Chiles, division manager and M. E. 
A, OKLAHOMA Fagan, Jr., engineering manager of 

the transformer division. 
Minnesota Mining & Mfg. Co., 
St. Paul, Minn.—L. L. Morin and 
J. E. Cahill, chief and assistant di- 
vision engineers, electrical products 


weather-proof construction drives in chemical plant 


@ Write for details . 


group. 

Southern States Equipment 
Corp., Hampton, Ga.—S. D. Sautel, 
assistant to sales manager. 

C & D Batteries, Inc., Consho- 
hocken, Pa.—Henry E. Jensen, vice 
president in charge of engineering 
and marketing. 

Universal Motor Co., Oshkosh, 
Wise.—James J. Youngworth, tech- 
nical sales and service coordinator 
for power plants. 

The Ohio Turnpike is the newest link ; e Great Western Div., Interlectric 
in a national chain of superhighways A Corp., Warren, Pa.—will market a 
that will eventually tie East to West. | ky full line of incandescent and fluores- 
The most modern concepts of traffic : 4 cent lamps. 

engineering are reflected in the 
construction of this magnificent road. 
What transformers are used for serv 
ice and lighting? Marcus, of course! 


Miller Company, Meriden, Conn. 
John J. Neidhart, applications 
engineer for lighting products. 
Ward Leonard Electric Co., 
Electrical contractors o Mount Vernon, N. Y. George M 
Amon Electric Co., Warren, Ohio f Stapleton, vice president and man- 
Peterson-Webster Electric Co ; ; ager of dimmer sales. 
Youngstown, OF . - - . " 
— Electro Silv-A-King Corp., Chi- 
cago, Ill.—Edward Krok, vice presi 
dent in charge of liaison. 


Marcus transrormer CO., Inc. Regional Appointments 
RAHWAY, NEW JERSEY NEW ENGLAND 


, - Thomas & Betts Co.: Eugene 
Mark Jualt > i in Prine ities ‘ . . 
ark of Quality” . Representatives in Principal Cities McGrane, district manager at 
A COMPLETE LINE OF DRY TYPE AND LIQUID-FILLED TRANSFORMERS THRU 5000 KVA soston. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1956 





MEGOHMER 


INSULATION TESTERS 


MODEL B-7 


Precision Ohmmeter 
Megohmmeter. 2 Meg 
ohm Ranges: 0-20 
0-200 Megohms. 2 Ohm 
Ranges: 0-200, 0-20 
000 Ohms. 2 Test Po 
tentials 250 and 500 
Volts DC Battery 
vibrator type 
Bulletin 440 


“MINOR” 


Dwarf Sizes: 3 Ibs. with 
able pressure DC 
Generator 500 Volts 
D.< Range: 0-10 of 
or 0-50 Megohms 
Bulletin 450 


“MAJOR” 
ank Type with Con 
stant Pressure DC 
Generator 500 Volts 
Range: 0-50 Megohms 
with extra Ohm scale 
30 or 0-10,000 ohms 

Bulletin 465 


HERMAN H. STICHT CO., INC. 


27 PARK PLACE, NEW YORK 7, N. Y. 


TEL -——-—-- 


FASTENERS 


FOR ELECTRICIANS . 
REFRIGERATOR MEN .. PLUMBERS 


Easy ‘ Dri ve 


DE LE VEEL) 


NEW “GRIP-TYPE” 


SNAPS ON 
NEW HUMP 


" — 
all 
Ze 
Another FIRST For 


THIEL fosy-Drive 
WiLL NOT BREAK “ ” 
Putt ¢ NAIL: IT 


@ Essential for Electrical Men 
© Greatest Im provement in 30 Years 


nue it te 
u onge We e opt nue ia tee 





STD ONLY THEY LEADING ELECTR AL WHOLESALER 


THIEL TOOL & ENGINEERING CO., INC. 


1417 M MARKET ST ST. LOUIS 6, MO 




















KOHLER Electric Plants 


for portable, low-cost power 
wherever | 
needed 


‘Take your own portable electricity 
to the job and avoid expense, de 
lays, of temporary power-line hook 
ups. Kohler Electric Plants cut 
work time—operate saws, drills, 
other power tools used in wiring 
jobs. Also available: stand-by 
models to maintain home, public 
or commercial electrical equipment 
when central station power is cut 
off by storms, floods or accidents. 
Sizes, 500 watts to 35 KW. Write 


for folder M-16. 
MODEL 2.5M25, 2500 watt 
115 volt AC Manual starting Kohler Co., Kohler, Wis. * Established 1873 


KOHLER or KOHLER 


PLUMBING FIXTURES © HEATING EQUIPMENT © ELECTRIC PLANTS 





AIR-COOLED ENGINES © PRECISION CONTROLS 





ILSCO gic 


For Superior Quality LUG OF 


Pure copper, 100% conductivity INDUSTRY 


Wide wire range—re-usable 


U/L-CSA Approved 


V Check these features 


Compact—rugged 

Advanced designing 

Sound engineerin 
PEC MODEL LO 

Speedy installation 

Cool operation—takes overload 


No special tools needed 


All screws wax-treated for better clamping 


You Test Will Prove 
ALL THESE FEATURES SCO Superiority Over 


AT LOW COST Cast Or Any Other Type lugs 


LOK-A \ * 


est 


TERMINAL BLOCKS 


Write for Catalog #50 and Samples 


ILSCO CORPORATION 


5741 MARIEMONT AVE. CINCINNATI 27, OHIO 
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Norrow bases on these flange terminators 
permit close mounting eliminate 

need for bulky potheads in 

mony applicotions 


> 


CONTINUITY of LIGHT AND POWER 
for the Plant Maintenance Show was the 
responsibility of electrical contractor 
Charles Tull of Philadelphia, who assigned 
superintendent John R. Anderson ‘above 
and competent staff to this important 
task 


@® Narrow base flange terminators for limited mount- 
ing spaces are one of many standard types of PLM 
armored cable fittings for special needs. Many 
other “specials”— in dimensions, drilling or other 
details — can be supplied on short notice. 


Whether your needs are usual, or unusual, you'll 
get unusual help in meeting them, from PLM. Ask Miller Co.: Robert W. Ellis 
for catalog or quotations on your terminating or 

) splicing needs 


, Sales 
representative for eastern Massa- 

Round or R ‘ — 4 - 

pecan, chusetts, Maine, and part of New 


| 
Faeaet. Hampshire. Headquarters located 
filled oF . . 

blind tapped, Products Vue in Lexington, Massachusetts 

pT am ay y ° Thomas Tool & Die Co.: H. A. 


3875 West 150th St. © Cleveland 11, Ohic Maggiore & Son, Cambridge, Mass., 
New England representative 


WIRE AND CABLE FITTINGS AND ACCESSORIES Moe Light Div., Thomas Indus- 


Armored Cable Terminators + Splicing and Terminating Kits « Conduit Ventilators tries Inc.: William Edwards, sales 
yf Ldwards, si 
representative for central Conn., 


Albany, N. Y., Vermont and parts 

of Massachusetts and Rhode Island. 

a TAL Headquarters in Springfield, Mass. 
* 20 hours in time MIDDLE ATLANTIC 

* $64 in materials 6-WA yY Copperweld Steel Co.: Maskell E 

SAVED ON ONE J0B Brown, sales engineer for eastern 

WITH A TAL BENDER Pennsylvania, New Jersey and New 


PORTABLE BENDER with York City, where his offices are lo 


cated. 
by the EXTRA STUB HOLE Prescolite Mfg. Corp.: Stan Hey- 


wood, eastern sales manage 
WAY NON- - : . 
Sim BullDog Electric Products Co.: 


SLIP SHORT BEND- H. L. Barger, Philadelphia, Pa. dis 
ING JAWS for trict manager. John H. Stewart, 
close quarters or field engineer at New York district 




















By making 12 90° bends in 
3” conduit with a TAL 
ONE-SHOT BENDER in- 
stead of using elbows and 
couplings, time was cut from 





open slab work. office. 

Non-Slip, Accur- Thomas & Betts Co.: Rex Pear- 

mete cas dace Acpsdyate ate, Rapid and son, New York district manager 

yi , Easy Bending. SOUTH ATLANTIC 

saved on labor and material pe “ ; 

on installation of a 250 hp, SAFETY NECK for . ee Tool ~ Die 0 Cooke 

220 volt, 3-phase air com- SURE GRIP. é —ryt 8a - ay ~ tual th 

pressor in the shop of the COMPLETE LINE Safety Neck a *- ~ 2 cers — men ee 
. ltney 9AKE 0,:; Montawue . 

Diamond T Motor Car Co., OF Extra Stub Hole > SR ne tae “e 

“2 ¢ oun, ¢ , BENDERS ; 9 ale 8 epresentative ? 

Chicago. This was possible | Richmond. Va. area 

only because a TAL ONE- © For pipe up to 8” 

SHOT completes bends in © For copper and thinwall . 

one setting—no shifting of wing. ‘ Pass & Seymour, In Marr 

pipe is necessary ! © 6-Way Hickeys — do Graper, Gulf States sales repre- 


whet othen cent do pir sentative. Headquarters in New 


Each of Ten Orleans. 


TA L B E | D E re , | N oft _ ee $3.70 $3.10 ee. Lima Electric Motor Co.: Arthur 


465 3.9068. C. Beesley, manager of new Cleve 


Ye 
DEPT.27 * MILWAUKEE 2, WISCONSIN 7.95 6.65 00. land, Ohio branch office 











EAST CENTRAL 
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7 Le 
- CONTROLS 


ARE ENGINEERED TO 
GIVE YOU GREATER ACCURACY! 


Rely on field-proved ZENITH Controls 

for trouble-free, maintenance-free 

operation long-lasting performance 

and accuracy 

The ZENITH line includes: Magnetic 

Contactors; Remote Control Switches; 
Automatic Transfer 
Switches; Reset, In- 
terval, Process and 
Impulse Timers; 
Program Clocks... 


and special units to 


INTERVAL TIMER MULTI-CIRCUIT TIMER 
Write Todey for Lastest ZENITH Bulletin 


Seecle ved flecal a bulor 


155 WEST WALTON ST. CHICAGO 10, ILL. 


WALKER SELENIUM RECTIFIERS 
INSTALL THEM FORGET THEM 
Engineered for Extra Years of 


AC TO DC POWER CONVERSION 


LOW COST, QUIET, 
HIGHLY EFFICIENT, 
LONG LIFE 
NO MAINTENANCE 


Walker Selenium 
Rectifiers are en- 
gineered and 
built to give extra 
years of service 
and inexpensive 
operation. They 
are highly effi- 
cient, have a 
power factor of 
97% and a DC 
ripple of approximately 4%. All 
Walker Rectifiers are low priced. Only 
the highest quality components are 
used. Any number of rectifiers may be 
paralleled. Write for full details, today 


&* 


THE STANDARD TRANSFORMER COMPANY & 


WARREN, OHIO r 


Most inductive electrical 
equipment installed in a 
plant wastes money, 
money that can be saved 
Some of it goes to supply 
non-productive magne 
tizing current. More of 
it goes to buy extra wir- 
ing, switches, and trans- 
formers to make up for 
this loss. Still more is 
wasted in reduced output 
through lost load. These 
wasted dollars can be 
saved by installing 
Sprague Power Factor 
Correction Capacitors at 
each piece of inductive 
electrical equipment. 
W rite for free cost-saving 
guide, “Power Factor 
Correction” today. 


LET OUR ENGINEERS SOLVE 
YOUR TRANSFORMER PROBLEMS 


Standard Transformer engi- 
neers work with your engineers 
to solve transformer problems at 
no cost to you. Send us your 
plans and let us work out a prac- 
tical, efficient, and economical 
solution. Write Standard today. 
There’s no obligation. 


Type A’ Distribution Transformer, 75 
KVA, 2400/4160Y to 120/240 volts, 
single-phase, 60-cycle, One of a com- 
plete line of Standard Transformers de- 
veloped for every class of service 


__ REPRESENTATIVES IN PRINCIPAL CITIES 


AND CORNERS 


BY CORRECTING LOW POWER FACTOR 
RIGHT AT THE SOURCE OF WASTE 


POR YOUR Cory 


Pewer Factor Correction 


Sprague catalog 


JUST SEND THIS COUPON 


- Walker > 
ogee industrial Capacitor OW, 
SPRAGUE ELECTRIC COMPANY | 
133 MARSHALL pF 3 
NORTH ADAMS, . 
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Please send me the free 


THE WALKER DIVISION 
MORMA-HOFFMANN BEARINGS CORPORATION 
Stamford, Connecticut 





Safeguard against shock and Spark Hazards 


GROUND 
DETECTOR 
RELAY 


FOR UNGROUNDED EQUIPMENT 
IN HOSPITAL OPERATING ROOMS 


Recommended 
SAFE PRACTICE 
National Board of Fire Underwriters = A A ENGINEERING 


POR 


REPRESENTATIVES IM 


HOSPITAL OPERATING DRMEMMO MRM rrucir cus 
ROOMS -, 


NATIONAL FIRE PROTECTION ASSOCIATION 


nit 


ao & Mf + 


oe owe eg gy 
Wheelock SIGNALS 


RELAYS Pwaesd ONG BRANCH. N 


‘ WAaADSWO RTH 200 AMP. FUSIBLE MAIN : 
“0 — ADEQUATE WIRING jor | 


today and Lomorr0w! 


MAIN SWITCH DOOR OPERATED 


cans Range, Dryer, Water Healer 
100 AMP. ki apeey © tw: 
FUSIBLE MAIN DISCONNECT 


FOR “E-Z-RED" (15 TO 50 AMP} Plug Fuse Receptacies can be used for 


240 Volt Heater Circuits or 125 Volt 
CIRCUIT BREAKER BRANCH CIRCUITS 


Lighting and Appliance Circuits 
for Range, Dayer, Lights, Washer, ————— mo 
Appliansst, Wales Healer i: WADSWORT tigidgECTRICMEGE 


Healing Panel, W Conington Kentucky WW 
Ain Conditioner, of. WRITE FOR FREE CATALOG 
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Federal Pacific Elect: Co. : 
W. M. Spahn, north central regional 
sales manager. Headquarters in 
Chicago. 

Allis-Chalmers Mfg. Co Dean 
K. Steidinger, manager of Jackson 
Mich. district of the company’s in- 
dustries group. 


WEST CENTRAL 

Thompson Electric Co.: Wynne 
Snoots Co., Dallas, sales representa- 
tives for Texas, 

Graybar Electric Co.: D. B. Eard 
ley, Salt Lake City, Utah branch 
manager. R. K. Charles, operating 
manager at Denver branch 

Miller Co.: Edward D. Heintze, 
sales representative for Colorado, 
Wyoming, eastern Nebraska and 
north central New Mexico. Offices 
in Denver. 

Whitney Blake Co.: R. R. Mein 
ert, district sales representative for 
the Minneapolis, Minn. area 

sullDog Electric Products ( 
A. G. Curtin, midwest regional 
manager. La Rue E. Hollembeak, 
field engineer at St. Louis, M lis 
trict office. 

Moe Light Div., Thomas Ind 
tries Inc.: William Bassett, 
representative for parts of [| 
and Nebraska. Offices in Omaha 

Feedrail Corp.: S & W Electric 
Co., Denver, representatives for the 
Mountain States and New Mexico 


WEST 
Peerless Electric Co.: Arthur O 
Williams, sales engineer assigned to 
the San Francisco, Calif. office. 
Sorensen & Co., Inc.: Julian M 
Polis, manager of new sales office in 
Hollywood, Calif 
Moe Light Div., Thoma 
tries Inc Rollo Hittle, 
resentative for the metro 
Los Angeles, Calif. area 


HEFTY LIFT by remote contro 
trated to Lester Mount, plant 
yhawingan Resins Corp 
Mas it Plant Maintenance S 
Philadelphia. Man with the finger 
trol is R. Gulnac of Yale & Towr 





SEARCHLIGHT 
SECTION 


Classified Advertising 
EMPLOYMENT 
EQUIPMENT USED oR 


OPPORTUNITIES 


BUSINESS 
RESALE 





ELECTRIC REPAIR SHOP FOREMAN 


For established firm i 
Annual volume of depart 
present trend uoward, due to rapid industrial growth 
of area We need a capable man with sufficient 
background of experience to supervise department of 
18 employees of present group are good 
lead men You will work under department man 
ager, to free him and improvement 
program under way. Our company does Contract- 
ing, a large volume of rebuilt equipment sales, and 
has the states largest repair shop service Also 
operate two branches We offer excellent salary 
and bonus arrangement plus otner benefits, wonder 
ful place to live and a chance to grow with a pro 
gressive firm All replies kept confidential 


Seuthern 


City of 125,000 
ent around $250,000, with 


Several 


for expansior 











e. State 


Confidential. No obligatior 
J i 


LOGSDON COMPANY 


19 W. Jackson Bivd Chicago 4, Ill 





WANTED 

ELECTRICAL DISTRIBUTION EQUIPMENT 
SALES REPRESENTATIVE 

National manufacturer of Electrical Distribution 
Equipment desires experienced sales rcpresentative 
in Milwaukee trading area. Applicants must be ac 
quainted with architects, engineers, industrials and 
utilities. Send complete resume of qualifications and 


& Maintenance 
y 


specify the finest...) 


) Light and Power 





Before you specify any Time Switch 
check these ror« plus-value features! 


v¥ Skip-A-Day, Seven Day and Astronomic Timing 

¥ Double Pole, 3 Pole and Two Circuit Switching 

¥ Flush, Watertight and Submersible enclosures 

¥ High Quality all-brass plates and gears 

v¥ Ratchet type dial for positive check of switching 
¢ Motor designed for long, trouble-free service 


TORK’S practical ‘‘Complete Line’ 


provides the widest variety of timing dials, 


rugged switches, and all-purpose enclosures to meet any automatic ON-OFF 
application. TORK has been an exclusive manufacturer of high quality Timo 


Switches for over 33 years. 


PLAY SAFE ¢ USE THE BEST 
WRITE NOW FOR COMPLETE (Ay 
DETAILS and SPECIFICATIONS 


Low Cost TORKMASTER #948 
GUARANTEED 3 YEARS 


TORK CLOCK Co., Inc. 


MOUNT VERNON, NEW YORK 











—YOUR BEST SOURCE— 


© for every industrial and = wer hts 2 
© Odd ltengths—iong and short—reasonably priced 


One of the —_ Stocks i in the Midwest 


Let us a 

3 sour ta aquirie 
We " also buy your Surplus 
Bra 


r 
st 3.4580 
tke TH OUR 


UNIVERSAL Wire and tle Co. 


2929 N , lenge 13, Wl 
ABs 7. ‘4777 





UNUSED CABLE 


New rubber covered cable, 400’ #4/3 con 
ductor--133 strand Type W 600 volt cable 
on 36” general reel. $625 F.O.B. Chicago. 
FS-1281, } n & Main 


1, ill 





WHERE To Buy 


Equipment, Materials, Services and Supplies for 
Electrical Construction—Maintenance—Repairs 








write for 
| our speciol 


FLUORESCENT LAMPS! 


choose the best 


SUPRO LUX 


DEPENDABLE, TOP QUALITY, 
HIGH LUMEN OUTPUT, LONGER LIFE 


mode by 
SUPRO LUX 
MANUFACTURING CO., INC. 


406-416 EAST 16180 ST 
BRONX 51, NEW- YORK 


low, quontity 
prices! 











ELECTRICAL CONTRACTORS 
ESTIMATING HANDBOOK 
“A Unique Tool of the Trade” 


WRITE FOR DESCRIPTIVE FOLDER TO 


THE ESTIMATOR PUBLISHING CO. 
4102 Wilson Rood Kenosha, Wis. 





THIS WHERE TO BUY SECTION . . 


is @ special classification for manufacturers desiring 
advertising in space units smaller than the mini- 
mum run of book display space. Space is avaliable 
in this section in units from one te four inches 
Every advertisement is indexed. This section can 
be used economically to promote new product users 
and uses, establish new sales outicts, reach the buy- 
ing influences — at an extremely low cost. 











ELECTRICAL CONSTRUCTION AND MAINTENANCE 


Is Contcrete Drilling 
One of YOUR Problems? 


Does it take too much time? Cost too much? Then 
use the Wodack ‘‘Do-All''® Combination Hammer 
and Drill. Striking ape. 2400 blows a minute, you 
§ x',” hole a minute. tte drilling 
range le ‘4 >” dia. and to 24° depth 
the hammer member and use it as an electric drifi 
® y accessories, Ask for Bulletin 610.Ef 
or call AUstin 7-0866 
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Designed to match Square D's t 
Power-Style switchboards and control ’ 
centers, these new Unit Substations meet yt 
NEMA, ASA, and AIEE standards. Available 4 | 
from 75 to OO KVA; in primary volt- a ] | ’ 
ages up to 4800V; secondary UP to 600V. ee ee 
a = 
aoe 
om on no 
| + \ 
t-+-4 
Melded case circuit breakers (left) up to ae 
B00 amperes 46> MB Saflex fusible 1 
switches (right) up te 600 amperes are ’ 
available in compact panel construction. ; 
a 
— am | 
TT 
Large air circuit —e7 
breaker (above) rT 
up to 1600 amps a8 HES 
can be combined t a | 
with a short panel a tem 
in one section. 
+ : _ 
Ral te 
} , 
’ 
a mT 
REAR View j 
3 single phase, dry-type transformers individually | 
mounted on base in ventilated enclosure heating j 
and vibration held to4 minimum Transformers easily : 
accessible for maintenan< e and inspet tion. When n° 4 
air circuit breaker oF metering equipment is used, } 
entire ares at top left is available for pull box | 
"| COMPF 
9ngngte et oe 4 
; | | | t T ¢ | y 4 egy 
t+ 4 i ~+—4-—-+--4—+ 
+ | ; ? + T j ; 
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Remove knockout pr: 
G-E tarters 


Mount bracket wi 
hold irmature 
ywacket from three pr 


Mount push button, or 
by slipping spring clip 
r the bracket. Wire per 


f Position unit | 
ment ca 
movement of unit 








TO MODIFY G-E STARTERS 


NEW G-E Pushbutton 
and Selector-switch Kits 


Progress /s Our Most /mportant Product 


“" GENERAL €@ ELECTRIC 





